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NOTICE TO CONTRIBUTORS 


The Journal welcomes papers which contribute to the purpose of the American 
Society of Tropical Medicine and Hygiene. This is the advancement of knowledge 
of tropical and subtropical medicine and hygiene through investigation, prevention, 
treatment and control of diseases and deficiencies. It draws upon medicine, biology, 
public health, nursing, engineering and allied fields of research and application. 


The American Journal of Tropical Medicine and Hygiene combines the Ameri- 
ean Journal of Tropical Medicine and the Journal of the National Malaria Society 
and therefore has a special concern with the investigation, therapy and control of 
malaria in all parts of the world, as well as a broad interest in general parasitology 
and in arthropod borne diseases. 


Papers are ordinarily published in the order of reception, which will entail a 
certain delay in their appearance because of the contractual limitation on the 
number of journal pages available in any year. Accepted papers which raise no 
questions of scientific priority may however secure earlier publication if the author 
or the institution sponsoring the paper will pay the publication cost, an estimate 
of which the Editor will be glad to obtain from the publishers. Such a subvention 
will be used to purchase extra pages, in excess of the regular page allocation for 
any issue of the Journal. 


Authors are asked to cooperate by complying with certain standard practices in 
the preparation of their manuscripts in order to facilitate the editorial task: 


Papers should be written in English. 


Manuscripts should be typewritten using double or triple s macing on one side 
| gee ——, e { 

only of 8!5 x 11 inch paper, if available, and submitted in duplicate. Double 
spacing should be used throughout the manuscript including the list of references. 


Tables should be typed on separate sheets and be serially numbered. 


Figures and photographs should be enclosed separately and protected with 
cardboard to avoid creasing in the mails. Only glossy prints can be used. Line 
drawings and graphs should be submitted on white paper or tracing cloth, and 
not on cross section paper. Colored illustrations can only be reproduced at the 
expense ol the author. 


References should be arranged in alphabetic order according to authorship, with 
the date following the author’s name, e.g.: 


Snyder, T., and Meleney, H., 1941. The excystation of Endamoeba_ histo 
lytica in bacteriologically sterile media, Am. J. Trop. Med. 21: 63-73 


Citation in the text should be by author and date. 


Proprietary names of drugs or chemicals registered by commercial pharmaceu- 
tical firms may not be used in the text if there is a generic name available in the 
U.S. Pharmacopoeia, New and Nonofficial Remedies of the A.M.A., or the latest 
editions of standard medical dictionaries. In certain cases where the generic 
name is relatively unknown, the registered name may follow it in parentheses in 
the title, at the first citation in the text, and in the conclusions. 


All papers should end with a brief summary. 


Estimating costs of reprints. Where the cost of reprints must be known well in 
advance of publication in order to secure prior approval for their purchase, the 
Editor will be glad to furnish an estimate of the number of pages which the article 
will occupy in the Journal. 
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IMMUNITY PATTERNS IN THE GUINEA PIG FOLLOWING 
TOXOPLASMA INFECTION AND VACCINATION WITH 
KILLED TOXOPLASM A! 


KRNEST C. CUTCHINS ann JOEL WARREN 
The De partment of Bacteriology, University of Maryland, College Park, Maryland 


and 


The De partie nt of Bacterio o”gu {rmy Vedical Service Graduate S hool, Washington, aC 


When a guinea pig is inoculated with a killed Toxoplasma antigen alone, only 
one type of humoral antibody, the so-called dye test antibody of Sabin and Feld- 
man (1948), is demonstrable. Neither complement fixing substances nor im- 
munity results from the injection of such an antigen into guinea pigs or rabbits 

Warren ef al.,unpub., Levaditi ef al., 1928). However, when these hosts are in- 


fected with living parasites, both complement fixing antibodies and immunity 


to reinfection appear in addition to the dye test factor (feldman, personal com- 
munication, 1952; Frenkel, 1952). This study was undertaken to acquire addi- 
tional information regarding the immunological role of complement fixing anti- 
bodies in toxoplasmosis. One approach to clarifying the relation of these two 
types of antibody to each other and to host resistance would be to attempt the 
production of complement fixing antibodies with a suitable vaccine, but without 
actual infection. The experiments described below embody a means for eliciting 
complement fixing substances by the use of killed Toxoplasma combined with an 
adjuvant. In such vaccinated guinea pigs it is possible to study the relation of 


this antibody to resistance to experimental infection by various routes. 


METHODS AND MATERIALS 


The RH Strain (Sabin, 1941) of Toxoplasma was originally obtained from Dr. 
A. B. Sabin in 1948. A sub-line was provided by Dr. Leon Jacobs in 1954. The 
parasites were maintained by serial intraperitoneal passage of infected peritoneal 
exudate in albino mice weighing 20-25 grams. Guinea pigs used in this study 
weighed 250-300 grams at the start of experiments and were maintained on a 
diet of pellets and greens. They were not separated by sex except for one experi- 
ment (Table 2). To prepare vaccines, mouse peritoneal exudate, obtained as 
described by Sabin (1941), was collected from 20-50 animals. The number of 
Toxoplasma per mi. of pooled exudate was determined by use of a hemocytometer. 
The organisms were then washed twice by centrifugation in physiological saline 
and resuspended in saline to the original exudate volume. Three types of vaccines 
were prepared. Type one (1) was made by adding formaldehyde (U.S.P.) to the 
suspension of washed organisms to give a final concentration of 0.2 per cent; this 
was stored at 4°C. for 14 days. The second type (11) containing ruptured para- 
sites was prepared by exposing the suspension of washed Toxoplasma to sonic 

This work was supported in part by grant No. [:-741 from the National Institutes of 
Health, 
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vibration (9,000 eps) for one hour. This resulted in fragmentation of the proto- 


zoon and this material was used without further treatment. For the third type 


(IIL) of vaecine the sonic vibrated Toxoplasma suspension was centrifuged for 
30 minutes at 8,000 g. in a refrigerated centrifuge. The supernatant fluid, which 
was water clear, was used for inoculation. The parasite counts for each vaccine 
are indicated in tables. 

Each vaccine was tested for sterility by intracerebral inoculation in mice and 
by plating on blood agar. The complement fixation titer of these materials was 
also determined against 4-8 units of guinea pig immune serum in the manner 
described by Warren and Russ (1948). The titers for the final preparations were 
1:2, 1:8 and 1:2 for antigens I, II, and III respectively. When an adjuvant was 
employed it was prepared as described by Freund ef al. (1948). Equal parts of 
adjuvant and vaccine were triturated in a mortar and the animals were vaccina- 
ted with a single dose of 2.0 ml. of this mixture subcutaneously in the scapular 
region. Serum samples were obtained from each guinea pig prior to vaccination, 
or, in the case of controls, prior to challenge and at the indicated intervals 
thereafter. 

Complement fixation tests were performed in the manner described in earlier 
studies on this parasite (Warren and Russ, 1948). Antigens were either of the 
embryonated egg type prepared according to the method of Warren and Russ 
(1948) or the soluble type. This latter was prepared by subjecting washed Tovo- 
plasma from mouse peritoneal exudate to sonic vibration (9,000 cps) for one hour 
The sonic treated material was then centrifuged for 30 minutes at 8,000 g and the 
supernatant fluid, after standardization against known positive serum, was used 
as the antigen. 

Dye tests were performed using the method of Sabin and Feldman (1948). In 
performing the tests, stained and unstained Toxoplasma were counted in serum 
dilutions of 1:32, 1:64, 1:256, 1: 1024, 1:2048 and 1:4096. No serum was diluted 
bevond 1:4096. Where the end point obviously lay between the serum dilutions 
examined, the titer was interpolated. For example, if at 1:256 dilution 75 per cent 
of the cells were unstained, while at 1:1024 30 per cent of the cells were un 
stained, the titer of the serum was regarded as 1:512. 

The challenge of vaccinated and control guinea pigs was performed in the 
earlier experiments with infective mouse peritoneal exudate containing the RH 
strain. It consisted of 10,000,000—-15,000,000 Toxoplasma injected intradermally 
in a volume of 0.1 ml. However, it was found that although all of the animals 
developed a cutaneous lesion at the site of inoculation, only 5-10 per cent suc- 
cumbed. A sub-line of this same strain was then obtained. This murine line, 
when passed serially three times in guinea pigs by intracerebral or intraperi- 
toneal inoculation, was of greater guinea pig virulence than the preceding line 
and when the intradermal challenge inoculum consisted of 0.1 ml. of a 10 per cent 
suspension of guinea pig brain (100,000—1,000,000 mouse LD 50) or 0.1 ml. of 
guinea pig peritoneal exudate containing approximately 400,000 organisms, it 
killed 80-100 per cent of the animals. The challenge doses used for specific ex- 
periments are indicated in the tables. 


We are indebted to Dr. Leon Jacobs for the confirmation of certain dye test titers 
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RESULTS 
1. Antibody levels following infection of normal guinea pigs. Adult animals, in- 
fected intradermally, subcutaneously or intraperitoneally with the virulent RH 
strain of Toxoplasma develop a systemic infection which is usually fatal. By de- 
creasing the infecting dose and using large numbers of animals it was possible to 


accumulate enough recovered animals to furnish a series of sera for antibody 


studies. Convalescent animals were also obtained by treating infected guine: 


pigs with sulfadiazine, thus suppressing the infection and increasing the number 
of survivors (Sabin and Warren, 1942). 

In such experimentally infected animals, complement fixing antibodies rarely 
appeared before the third week of infection but, if the animal survived for 21 
days or longer, serum titers of 1:64 or higher usually developed (Tables, Groups 
©, F, I, L and P). These levels persisted for at least 11 months. Such animals 
were immune in that it was not possible to produce progressively clinical Toxo- 
plasma re-infection 

The dye test substance, in contrast to the complement fixing antibody, ap- 
peared in the serum very early following inoculation of the guines pig and in 
some cases reached levels of 1:2048 by the 14th day (Groups C, I and L). 

2. Antibody levels in guinea pigs vaccinated with killed Toxoplasma. In contrast 
to the results of others (Levaditi et al., 1928; Feldman, Personal Communication, 
1952) it was found that a single dose of formaldehyde-killed vaccine containing 
from 80,000,000 to 96,000,000 organisms (Type I) protected guinea pigs from 
subsequent apparent infection when virulent Toxoplasma were inoculated intra- 
dermally 4 weeks later. Eighteen guinea pigs were thus successfully vaccinated 
as shown in Table 2, Group D. 

When antibody levels were compared in guinea pigs receiving the killed vac- 
cine, it was found that, while the dye test antibody appeared early, rose rapidly 
and reached a titer of at least 1:64 in 4 weeks, complement fixing antibodies were 
usually absent, and in no instance exceeded 1:16. It is noteworthy that as late as 
one week after the challenge of vaccinated guinea pigs (35 to 40 days after vac- 
cination) the complement fixing titer of 6 out of 13 pigs was 1:8 or less (Table 1, 
Group A and Table 2, Group D). Injection of the killed parasite thus caused the 
appearance of the dye test antibody after the same interval as did active infection 
(Table I, Group A and Table 2, Group D) but complement fixing antibody was 
delayed and of a low order. 

3. Antibody levels in guinea pigs vaccinated with killed Toxoplasma and adju- 
vant. Killed Toxoplasma, injected in combination with a Freund-type adjuvant, 
stimulated an antibody pattern quite different from that following the adminis- 
tration of an aqueous suspension. Thus, a single injection of the adjuvant-vaccine 
not only resulted in a very high titer of the dye test antibody but also elicited 
complement fixing antibody within as little as 14 days. This is the first time in 
our experience that it has been possible to induce the appearance of complement 
fixing antibody in the absence of infection. The data shown in Table 2, Group E, 
illustrate the high complement fixing levels which resulted from the adjuvant- 
vaccine. These titers were similar, and in some eases higher, than those found in 


guinea pigs surviving infection. When vaccinated guinea pigs were challenged, 
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TABLE 1 


Ne ological Sin guinea pigs following administ ation of killed Poxoplasma with and 


without adjuvant and subse quent challenge 


Dye test tite Complement fi 


\ recine Toxroplasn a formaldehy de 


64 256 256 1096 §=4096 
O64 64 1024 1006 1006 
64 256 2048 4096 4096 
64 256 512 1096 1006 


> 


32 64 512. 4096) 4096 
Vaccine Toroplasn a-formaldehvde 
1024 1024 | 2048 Died from 
bleeding 
1024 1096 25 ns 1006 YOAS YAS 
1024 1006 256 2048S 1006 3: 2 25 20484 YAS 
1024 2048S) 1024. 2048 ns 4 256 512 
1024 2048 4096 4096 4096 ) 512 1024-2048 1006 


\ wecine Nor 


1024 1006 
32 128 2048 
32 | 1024 1096 
28 2048 1096 


Reciprocal of dilution. DA\ Days after vaccination. DAC—Da 


ys after challenge 
ns—No serum 


Challenge infection Mouse peritoneal exudate, 10,000,000 organisms, intradermal 


Toxoplasma count of exudate for preparation of vaccine—96,000,000 organisms/m!] 
the recall reaction was greater in the animals which had received the adjuvant- 
vaccine than in those which had received the vaccine alone as evidenced by the 
higher complement fixation levels attained. These serum titers of 1:1024 or 
1:2048 are of particular interest in view of the fact that guinea pigs in which a 
chronic toxoplasmosis is induced, as by sub-curative doses of sulfadiazine, de- 
velop complement fixing antibodies only to levels of 1:128 to 1:256 (Warren and 
Russ, unpubl.). 

t. Antibody levels in guinea pigs vaccinated with Toxoplasma fragments or ex- 


tracts. When it was found that whole killed Toxoplasma were immunogenic for 


the guinea pig, an attempt was made to distinguish the antigenic components of 


the organism by comparing the serologic patterns produced by the injection of 
fragmented parasites, extracts of the protozoon and the whole organism, An 
experiment in which groups of guinea pigs were injected with a sonic vibrated 


suspension of Toxoplasma with and without adjuvant is shown in Table 3. It is 





IMMUNITY PATTERNS IN THE GUINEA PIG 


TABLE 2 
Complement Fixing Antibody and Resistance in Guinea Pigs Following the Administration 
of Killed Toxoplasma (Virulent) with and without Adjuvant and Subsequent Challenge 


] 
Complement fixation titer* 
| 





a 





Group} 


| 
} 
} 


Guinea pig > 
no — DAV 





| males | Toroplasma-formal- 
dehyde 
23 
24 
25 
26 
females 
27 
28 
29 


30 


males Tozoplasma-formal 
31 dehyde plus adju 512 
32 vant 512 
33 | 512 
34 Died from bleeding 

females) 
35 8 3: 128 | 4096 
36 512 | 2048 | 
37 256 | 2048 | 
38 1024 | 2048 


males None 
39 Died 10 
DAC 
40 Died 2 
DAC 
41 Died 10 
DAC 

females| 
| 42 | Died 10 
DAC 
| 16 | 256 

44 | Died 8 
DAC 


* Reciprocal of dilution. DAV—Days after vaccination. DAC—Days after challenge. 
ns—No serum. 
Challenge infection—Homogenate of infected guinea pigs brain, 100,000-1,000,000 mouse 
LDso, intradermal. 
Toxoplasma count of exudate for preparation of vaccine—80,000,000 organisms/ml. 
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TABLE 3 


Serological patterns in guinea pigs following the administration of sonic vibrated Toxoplasma 
with and without adjuvant and subsequent challenge 





Dye test titer* Complement fixation titer* 





. Guinea — . r 
Group | pig no. Vaccine DAV DAC 





| 2) 7 | wl] al » | 21 


Sonic vibrated 128 128) 512) ns | | 16 ns 
Toxoplasma 64) 128 4096)4096 512 | 1024 
32) ns |2048|4096 |} §12 | 1024 
256'2048) ns | ns Died from 


bleeding 
128 1024'4096) ns | 1024 | 2048 


Sonic vibrated ns |4096 4096 4096 4096 0 | 32) 1024 | 1024 
Tozoplasma 1024/4096 4096 4096 ns | 0) | 128; 512) ns 
plus adjuvant 128/4096 4096 ns | ns | ns | 4096 

1024 4096 4096 4096 4096 3% 512) 1024 | 2048 


| | } 
1024'4096' 4096 4096 4096 512) 4096 | 4096 


32/1024) ns | 0 256 
32) 128/1024! | Oo 8] 16 
| Died from 
bleeding 
58 64) 512/2048) | Oo oO} oO 
59 | 64) 512)2048) | 0 0| 64 


oo 
ee 


y' gy 
= 





* Reciprocal of dilution. DAV—Days after vaccination. DAC—Days after challenge. 
ns—No serum. 


Challenge infection dose—Mouse peritoneal exudate 15,000,000 organisms, intradermal. 
Toxoplasma count of exudate for preparation of vaccine—60,000,000 organisms/m!. 


apparent that this vaccine behaved in a fashion similar to the ones prepared from 
whole Toxoplasma. Thus, a significant rise of complement fixing activity did not 
occur with the aqueous preparation, but did when the antigen was combined 
with adjuvant. Since none of the control (non-vaccinated) guinea pigs succumbed 
in this experiment, it is not possible to state whether the animals shown in Table 
3, Groups G and H, were resistant as a result of vaccination with the sonic 
preparation. 

It has been known that the complement fixing antigen of Toroplasma is soluble 
and fails to sediment in high gravitational fields (Warren and Russ, 1948). It was 
therefore of interest to determine whether such soluble fractions of Toxoplasma 
would elicit complement fixing antibody in the same manner as did the whole 
parasite when injected into guinea pigs. As will be seen in Table 4 the injection of 
aqueous soluble antigen failed to produce complement fixing antibody and even 
following subsequent challenge antibody was slow to develop. The vaccine when 
combined with adjuvant stimulated antibody production but in only 2 out of 5 
guinea pigs. These results suggest that the soluble antigen preparation contained 
quantitatively less immunogenic material than any of the other vaccines. This 
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TABLE 4 


Serological patierns in guinea pigs following the administration of Toxoplasma soluble 
antigen with and without adjuvant and subsequent challenge 





| 
Dye test titer* Complement fixation titer* 


Guinea | : a ‘ baa orhaagh 
pig no. | DAC 





Group 
35 14 | | 35 | | 21 


| Soluble antigen j 64; 256) ns ; 32! Died 13 
DAC 
64 64) 512/2048 4096 ; 256 
0 | ns 64, 64 10242048 : ; 256 | 
64, 32, 256/2048 4096 | G4 
64) 64) 256 4096 4096 8 256 


Soluble antigen 0 256 2048 4096 4096 4096 ‘ 256 
plus adjuvant 0 | 128 1024 10244096 ns : 256 
0 1024 4096 4096, ns 4096 8 ns 
68 0 |1024 2048 1024 4096 4096 
69 0 | ns 20482048 4096) ns s 64 


70 None 64 ns |4096 
71 64 1024 4096 
72 64, ns 2048 
73 | 64 2048 4096 16 
74 64/1024) ns 


* Reciprocal of dilution. DAV—Days after vaccination. DAC—Days after challenge 


ns—No serum. 


Challenge infection dose—Mouse peritoneal exudate, 6,600,000 organisms, intradermal. 
Toxoplasma count of exudate for preparation of vaccine—99,600,000. 


suggestion gains further support from a comparison of the actual serum titers in 
the soluble antigen-adjuvant group of guinea pigs with those receiving the whole 
killed parasite. 

5. Immunity and antibody levels as related to routes of vaccination and challenge. 
Since high antibody levels followed the inoculation of killed Toxoplasma com- 
bined with adjuvant, it was possible to compare the effect of the type of vaccina- 
tion and site of challenge on antibody formation and guinea pig resistance. 

To accomplish this, guinea pigs were divided into 4 large groups which were 
treated as follows: one group was infected with living, virulent RH strain of 
Toxoplasma, one subcutaneously with killed Toxoplasma, one subcutaneously 
with killed Toxoplasma plus adjuvant and the fourth group left untreated to 
serve as controls. Four weeks later 14 of the 24 animals infected with the living 
Toxoplasma were alive and apparently well. These together with the three other 
groups were then bled and challenged with a constant dose of Toxoplasma by 
one of 3 different routes. The results of this experiment are summarized in 
Table 5. 

It will be seen that all of the non-vaccinated controls infected via the intra- 
cerebral or intraperitoneal route succumbed to the infection at between 4 and 12 





TABLE 5 
elated to route of vaccination and challenge with Toxoplasma 











Complement fixation titer* | 


j | Survived 
| challenge 
| 14 days post-| (Days 

| challenge 


— . Guinea » 
Group Vaccine Challenge route | pig no. DAV 
28 





M Living Toxoplasma intra- | Intradermal 128 
dermal 10° cells 256 
1024 

1024 

Intraperitoneal 7 512 

1024 

256 

512 

512 

256 

Intracerebral 512 

512 

128 

512 


N Killed Toxoplasma sub- | Intradermal 8° 0 
cutaneous 


Intraperitoneal 


Intracerebral 


Killed Toxoplasma plus | Intradermal 
adjuvant 


Intraperitoneal 


Intracerebral 
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TABLE 5.—(Continued) 





Complement fixation titer* 
-~-——— - ——| Survived 
DAV 14days | challenge 
- st 


Guinea 


Group Challenge route pig no. 


post- (Days) 
0 28 challenge 


Intradermal 125 0 
126 0 
127 
128 
129 
130 
Intraperitoneal 131 
132 
133 
134 
135 
136 
Intracerebral 137 
138 
139 
140 
141 
142 


“Is1 0 W & 


oft Oe DD 
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* Reciprocal of dilution. 
DAV—Days after vaccination. 
s—Alive at end of experiment on 28 DAC 

ns—No serum. 

Challenge infection dose—Guinea pig peritoneal exudate 400,000 organisms. 
Toxoplasma count of exudate for preparation of killed vaccine—96,000,000 organisms/ml. 
Toxoplasma count of live vaccine—100,000,000 organisms/m!. 


days. Three of the 6 animals infected intradermally died of toxoplasmosis be- 
tween the 13th and 16th day, indicating that the challenge infection (400,000 
Toxoplasma) was of moderate severity. All of the guinea pigs which had survived 
an intradermal infection with Toxoplasma (Group M) showed complement fixing 
antibodies at 28 days as was expected. With one exception (No. 76) these animals 
were resistant to reinfection by either the intracerebral, intradermal or intra- 
peritoneal pathways. In contrast, animals receiving killed Toxoplasma with or 
without adjuvant (Groups N and QO), although able to resist intradermal and 
intraperitoneal challenge, were fully susceptible to Toxoplasma introduced di- 
rectly into the brain. It is important to note that at the time of challenge, even 
though the guinea pigs vaccinated with Toroplasma-adjuvant had complement 
fixing antibody levels comparable to those in animals recovered from infection, 
the vaccinated group was still susceptible while those recovered from infection 
were resistant. 

It is again of interest to observe that the highest post-challenge antibody levels 
occurred in guinea pigs which had received killed parasites plus adjuvant. How- 
ever, even though this group had the highest in vitro antibody levels they were 
not as resistant as the guinea pigs experiencing an active infection. 
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TABLE 6 


Infection in Toxoplasma immune guinea pigs following intradermal infection 


C-F antibody Infection in tissue* 


Guinea . peers 

pig Post- 

no Pre challenge 
challenge 


Skin 


Brain Heart Liver | Spleen | Kidney lesen 


Living 7'oz 1024 
oplasma 1024 
10° cells f 128 


Toxoplasma ¢ 0 
formalde x 0 
hyde 0 

U 


Toxoplasma 2048 
formalde 111 2048 3/f 
hyde plus 107 1024 2048 
adjuvant 112 512 20481024 


None 125 0 5/i 
| 126 0 5/§ 
129 32 1024 


* As indicated by the number of deaths in five mice inoculated with 10% suspensions of 
the guinea pig tissue. 


6. Tissue infection in the presence of circulating antibody. From the preceding 
experiments it is obvious that Toxoplasma can multiply in the tissue of guinea 
pigs in spite of considerable circulating complement fixing antibody. As a corol- 
lary experiment attempts were made to establish the relative degree of infesta- 
tion occurring in the tissues of infected guinea pigs as related to the level of 
pre-challenge antibody. The 4 groups of animals shown in Table 6 were infected 
or vaccinated, as indicated and all challenged intradermally. All were tested for 
complement fixing antibody 28 days after vaccination. They were then reinfected 
intradermally with 400,000 parasites and after 14 days 2 pigs from each group 
were bled, sacrificed and separate suspensions of the brain, heart, liver, spleen, 
kidney and skin lesion injected intraperitoneally into groups of 5 mice. This 
procedure was repeated at the end of 28 days on surviving guinea pigs from each 
group. Results of these observations showed that at the time of challenge Groups 
M and O had a demonstrable antibody titer while Groups N and P did not. 
There was a general, but not absolute, correlation between infection and presence 
of antibody. In animals having antibody, the brain, spleen and kidney were 
infectious at 14 days while the liver alone was sterile and the parasites persisted 
in some sites for at least 4 weeks. The two groups of animals which did not have 
complement fixing antibody at the time of challenge experienced a generalized 
infection so that by 14 days all of the tissues were infected. At 28 days the infec- 
tion had begun to resolve, and the results were comparable to those in animals 
having antibody previous to challenge. 
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This experiment indicates that even in the presence of a high level of comple- 
ment fixing antibody the central nervous system can be readily infected and other 
tissues may be infected to a varying extent. In other words, as has already been 
indicated in Table 5, the immunity status in toxoplasmosis in the guinea pig is 
not necessarily reflected in the titer of the complement fixing antibody. 


DISCUSSION 


The successful immunization of guinea pigs against Toxoplasma infection by 
means of a killed antigen is apparently dependent upon three factors: the method 
used in rendering the parasite non-viable, the presence of adequate amounts of 
antigenic material and the addition of an adjuvant. This induced immunity may 
be analyzed with regard to the complement fixing antibody, the dye test anti- 
body, the nature of the antigen, resistance to experimental infection and finally 
the multiplication of the parasite in the presence of these immunity factors. 

Levaditi et al. (1928), in their unsuccessful attempts at artificial immunization, 
made use of heat killed suspensions of Toxoplasma. It is possible that the antigen 
of the protozoon is thermolabile and was inactivated by heat. No attempt was 
made to duplicate this work or test the value of the antigen of Levaditi in con- 
junction with an adjuvant, but the data shown in Tables 1, 2 and 5 indicate that 
the whole parasite with minimum chemical and physical alteration is the best 
immunizing agent. When one compares the complement fixing ability of these 
antigens with the antibody titers elicited by them it appears as though Tozo- 
plasma contain immunogenic material which is separable from that fraction 
which fixes complement. Thus the formaldehyde killed whole parasite fixed com- 
plement to a final dilution of only 1:2 while that of the fragmented antigen was 
1:8, but the overall complement fixing titer of the immune sera produced by the 
intact protozoon was higher. A comparison of serum titers in vaccinated animals 
with titers in those recovered from infection shows that the complement fixing 
antibody titers in convalescents did not rise quite so high as in guinea pigs vac- 
cinated with killed antigen. It is apparent from the data presented that except by 
actual infection the significant production of complement fixing antibodies 
depended on the use of an adjuvant in conjunction with the antigen. Significant 
complement fixing antibody titers were obtained only by inclusion of the adju- 
vant, but it was observed throughout these vaccination studies that the admin- 
istration of Toxoplasma vaccine without adjuvant accelerated antibody appear- 
ance following challenge. This is particularly well shown in Tables 1, 3 and 4 
where 9 out of 14 animals had complement fixing antibodies as early as 7 days 
after challenge, and all of the 13 surviving animals possessed complement fixing 
antibodies 14 days following challenge. For comparison it will be noted that 8 out 
of 11 control guinea pigs had complement fixing antibody at 14 days after 
challenge. The highest titer in any of these was 1:64. Complement fixing antibody 
appearing as early as 7 days after infection has rarely been observed in infected 
animals unless they had had prior contact with Toxoplasma antigen. 

Because vaccines and the complement fixation antigens, in some cases, were 
both prepared from Toxoplasma contained in mouse peritoneal exudate, it was 
felt. that control complement fixation tests should be performed on sera using 
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mouse protein as antigen. To prepare this antigen, normal mice were sacrificed 
and the abdominal wall tissue was removed aseptically. The tissue was ground in 
a mortar and made up to a 10 per cent suspension in saline. From this suspension 
an antigen was prepared and used in the same manner as described above for the 
Toxoplasma complement fixation antigen. Complement fixation tests using this 
antigen were performed on pooled sera from all phases of the experiments de- 
scribed. In all cases these sera were found devoid of complement fixing anti- 
bodies for mouse protein antigen. 

No attempt has been made to define the role of the adjuvant in these experi- 
ments. However, it is assumed that it functions in a manner comparable to that 
noted in other infections; retards the dispersion of the antigenic material, irri- 
tates the tissue and nonspecifically stimulates lymphocytic activity (Freund and 
McDermott, 1942). 

While adjuvant is required with the vaccine to elicit complement fixing 
activity it was not necessary for production of the dye test antibody. The injec- 
tion of the whole organism or portions of the parasite in almost any form was 
sufficient for the rapid production of this antibody, although inclusion of the 
adjuvant did seem to increase the titers obtained. 

Although vaccination protected against peripheral infection (Table 2), vacci- 
nation and subsequent antibody production failed to confer the same type of 
intracerebral immunity which was present following recovery from actual infec- 
tion with Toxoplasma (Table 5). On the other hand neither vaccination nor con- 
valescence completely prevented the multiplication and/or persistence of T’ozxo- 
plasma in various organs including the brain (Table 6), even in the presence of a 
very high titer of complement fixing (and probably of dye test) antibody. 
Furthermore, dermal lesions developed in all animals challenged by the intracu- 
taneous route whether vaccinated, convalescent or controls, giving further sup- 
port to the premise that multiplication of this protozoon can occur in the presence 
of humoral protective substances. It should be remembered, however, that only 
in the control group were all of the skin lesions found infective when subse- 
quently inoculated into mice. The skin lesions of the convalescent animals, none 
of which were infective for mice, were possibly the result of a hypersensitivity 
reaction. 

The supposition that the 7'’oxoplasma exist as antibody resistant pseudocysts 
in the immunized host and may persist for very long periods, perhaps for the life 
of the animal, is supported by these findings. 

There is good evidence that complement fixing antibody plays a role in limiting 
dermal spread of the infection. The extent of the dermal lesion and the clinical 
signs in the guinea pigs receiving adjuvant-vaccine were less severe than in the 
control animals or those receiving the aqueous antigen alone. This information is 
not included in the tables. In the experiment illustrated in Table 2 the control 
guinea pigs (Group F) developed severe, indurated dermal lesions in 4-5 days 
and after a period of high fever, malaise and prostration, succumbed on the 8th 
to 10th day. Group D, which received aqueous vaccine, also developed dermal 
lesions but they were smaller in size. These animals showed signs of mild illness 
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for about 7 days. The adjuvant-vaccine group (Group E) had small transient 
dermal lesions which were little more than small 0.5-1.0 cm. dia. blebs; clinical 
signs of illness were absent. There was thus a definite progression of dermal and 
systemic resistance induced by the administration of killed antigen, which seemed 
to parallel levels of complement fixing antibody. 

The studies reported here demonstrate the fact that even with very high anti- 
body levels it was still possible to isolate living Toxoplasma from the tissues of 
the guinea pig. Furthermore, there appears to have been actual multiplication 
of the protozoon since several tissues became parasitized when Toxoplasma were 
injected into the skin of animals which possessed complement fixation titers of 
1:64 to 1:128 at the time they were inoculated. It seems not unlikely that in 
the case of the guinea pig, and probably man, immunity to toxoplasmosis in- 
volves a restriction of the microorganism rather than its complete destruction. 


SUMMARY 


Guinea pigs inoculated with an aqueous suspension of killed Toxoplasma 
developed dye test antibody but not complement fixing antibody. When an 
adjuvant was combined with the antigen both antibodies developed and con- 
siderable immunity resulted. The antigen was apparently associated with the 
whole Toxoplasma rather than its extracts, even though the latter actively fixed 
complement. Whereas convalescent animals were able to resist an intracerebral 
inoculation of Toxoplasma, the vaccinated animals were immune only to intra- 
dermal and intraperitoneal inoculation. It has been shown that Toxoplasma are 
disseminated through the guinea pig even in the presence of very high levels of 
complement fixing antibody. 
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ISOLATION OF TRICHOMONAS VAGINALIS FROM FUNGI 
AND BACTERIA 


I. pe CARNERI 
Laboratory of Microbiology, Carlo Erba Institute for Therapeutic Research, Milan, Italy 


The study of the physiology, nutrition, antigenic structure and pathogenicity 
of single strains of Trichomonas vaginalis, and of their lack of sensitivity to certain 
antibiotics depends on the possibility of isolating these parasites “in vitro” 
from other associated microorganisms. 

The trichomonads are easily isolated from concomitant bacteria when specific 
antibiotics are used (Adler and Pulvertaft, 1944; Johnson and Trussell, 1945; 
Williams and Plastridge, 1946). To eliminate bacterial contamination from the 
broth cultures of Trichomonas vaginalis or T. foetus, these authors noted that the 
addition of 100 I.U. of penicillin and 100 yg. of streptomycin is sufficient. How- 
ever a method for the rapid separation of 7’. vaginalis from bacterial as well as 
other vaginal organisms has not hitherto been described. 

T. vaginalis, particularly during pregnancy of the carriers, is often associated 
with species of the genus Candida. These yeast-like fungi are not sensitive to 
the commonly available antibacterial antibiotics. Anaerotropism (Magara et 
al., 1953) and motility of the trichomonads facilitate their isolation from fungi. 


EXPERIMENTAL 


The medium used is a modified CPLM medium (Johnson and Trussell, 1943). 
Its composition is: 
Bacto-Peptone 32 g. 
Bacto-Agar ; 1.6 g. 
Maltose 1.6 g. 
NaCl.. 5.76 g. 
NaHCO; 0.052 g. 
CaCl: 0.096 g. 
_ ae ars 0.096 g. 
H,O ° 960 ml 


To this is added an infusion of 24 g. of Bacto Liver suspended in 320 cc. of water, 
heated for 1 hour at 65°C., precipitated by boiling for 5 minutes and filtered. 
When the agar and the other ingredients are dissolved by heating, 2.1 g. of L- 
cysteine and 0.7 ml. of methylene blue (0.5%) are added. The pH is adjusted to 
6. The medium is distributed in volumes of 9 ml. in test-tubes of 16 * 160 mm.., 
and sterilized for 30 minutes at 112°C. One cc. of human serum is added with 
sterile precautions to each tube. The medium is stored at 25°C. to prevent pre- 
cipitation of the agar. 

A W-shaped tube (Fig. 1), 15 em. X 1 em., filled under sterile conditions with 
15 ml. of this medium, to which is added dihydrostreptomycin 1,000 ug/cc. and 
penicillin 1,000 I.U./ce., is seeded through opening A with a small quantity of 
contaminated material containing protozoa, fungi and bacteria. Convection 
streams are prevented by the agar present in the medium and development of 
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haped tube seeded with contaminated material, and incubated at 37°C. for 


the fungi is therefore confined to the upper part of one arm of the W-shaped 


tube. On the contrary, protozoa are diffused throughout the whole culture with 
optimum growth occurring near the fungi (Sorel, 1954) and in the central part 
B) of the tube, where conditions are markedly anaerobic. 

The inoculated W-shaped tube is incubated at 37°C. for two days. To obtain 
pure cultures of 7. vaginalis a few ce. of the medium made turbid by the growth 
of the flagellates are removed from part B of the tube through the opening C 
with a pipet and transferred toa plain bacteriological test-tube containing the 
same medium 

Sterility tests, conducted in the usual manner in Bacto Fluid Thioglycolate 
medium and Sabouraud’s broth, have shown that such cultures of 7. vaginalis, 
and the successive subcultures in CPLM medium without antibiotics, are free 


from bacterial and fungal contaminants. 


CONCLUSIONS 


By means of the simple method described it is possible to isolate T. vaginalis 
from associated bacteria and fungi. Positive results were obtained in all the 


tests 





I. DE CARNERI 
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LIVER FUNCTION IN INTESTINAL AMEBIASIS 


N. L. CHITKARA anp H. K. CHUTTANI 


Department of Pathology and Bacteriology, Medical College, Amritsar, India 


Heilig and Visveswar (1944) applied the hippuric acid synthesis test (oral 
technic) to 15 cases of acute and subacute amebic dysentery and found that 
46 per cent had definite liver dysfunction. Shute (1947) applied cephalin cho- 
lesterol flocculation to 73 cases of amebiasis (excluding those proved to have 
hepatitis) and, considering 2-plus flocculation as abnormal, observed liver 
parenchymal damage in 50 per cent of the cases. 

Gminder in 1939, cited by Heilig and Visveswar (1944), using the Takata Ara 
test in investigating 9 cases of acute and 14 cases of chronic amebic dysentery, 
found no evidence of liver damage in acute cases but 71 per cent of chronic 
dysentery cases had some degree of hepatic dysfunction. 

In patients suffering from intestinal amebiasis, hepatic dysfunction often pre- 
sents itself as a possibility. Very few workers have attempted to assess the state 
of liver function in intestinal amebiasis. Heilig and Visveswar (1944) and Shute 
(1947) carried out liver function studies in patients harboring Entamoeba histo- 
lytica with no signs or symptoms of hepatitis. 

While one of us (H. K. C.) was surveying the incidence of amebiasis in medical 
students, it was considered interesting to find out if there was any liver dysfunc- 


tion in proved cases of intestinal amebiasis of varying duration and without any 
clinical evidence of hepatitis. Since no single liver function test was satisfactory, 
a battery of tests was performed on each case. Two groups of cases were selected ; 
26 were symptomless carriers of E. histolytica whereas 28 cases were having 
bowel symptoms of varying degree. 


MATERIAL AND METHODS 


Most of the cases studied were collected during the above survey of incidence 
of amebiasis. Some of the cases were also derived from the gastro-enterology 
clinie of V. J. Hospital, Amritsar. The diagnosis of amebiasis was established in 
every case by demonstration of trophozoites or cysts of E. histolytica in the feces. 
The various liver function tests studied were:— 

1. Van den Bergh test and serum bilirubin estimation. These were determined 
by the method of Van den Bergh and Grotepass (1934). The maximum value 
taken as normal for total serum bilirubin was 1.0 mgm. per cent as suggested by 
Napier and Das Gupta (1941) for Indian subjects. 

2. Total proteins, serum albumin and serum globulin. These were determined 
by the microkjeldahl procedure. Total proteins below 5 gm. per cent and serum 
globulin above 3 gm. per cent were considered abnormal. Very little work has 
been done to estimate normal values for Indian subjects. Table 1 gives some of 
the results of protein values in Indians. 

3. Cephalin cholesterol flocculation tests. These were performed according to the 
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TABLE 1 





Method R.. & Albumin | Globulin 


Lloyd & Paul (1928) Refractometric 8.152 — 
Muldaliyar, Sundaram and Refractometric ( 6.135 .019 
Ramachandran (1933) 
Chopra, Mukherjee and Refractometric 7.4 . 66 
Rao (1934) 
Datta and Chakravarty Microkjeldahl 45 7: 4.93 
(1947) men 
Datta and Chakravarty 25 ¢ .87 
(1947) women 
Gokhale & Chitre (1950) Microkjeldahl 40 
Das Gupta (1948-1950) Microkjeldahl 20 
women 
Das Gupta (1948-1950) Microkjeldahl 89 
men 


method of Hanger (1939), which is generally regarded as a sensitive means of 
demonstrating liver dysfunction. More than one-plus was regarded as abnormal, 
as suggested by Mateer ef al. (1943). Pohle and Stewart (1941) and Arora and 
Wahi (1953) have recorded even one-plus flocculation as indicating liver damage, 
while Lippman and Bakst (1942) consider 3-4 plus as definite and 1-2 plus as 
doubtful liver dysfunction. 

4. Thymol turbidity and flocculation tests. These were carried out according to 
the method of Maclagan (1944) as modified by Shank and Hoagland (1946). 
Normal limits for turbidity were considered to be 0-4 units (Maclagan, 1944), 
though Arora and Wahi (1953) regarded anything above 3 units of turbidity as 
abnormal. For thymol flocculation anything greater than one-plus was regarded 
as abnormal. 


RESULTS 


Symptomless carriers. Serum bilirubin was abnormal in only two cases which 
had 2.1 mgm. and 1.4 mgm. per cent. However, in both these cases other liver 
function tests were normal. In both, the spleen was found to be enlarged on 
clinical examination. After treatment with antimalarial drugs the bilirubin esti- 
mation was 0.6 and 0.8 mgm. respectively. 

The average mean serum protein value of the 26 symptomless carriers was 
7.31 + 0.49 and the differences are not significant. Increase in serum globulin 
above 3 gms. was noted in 9 cases, or 34.6 per cent. The mean value was 2.76 + 
0.62; the mean value of serum albumin was 4.51 + 0.40; and differences between 
the means in case of albumin and globulin are significant at the 5 per cent level. 

Cephalin cholesterol flocculation and thymol turbidity and flocculation tests 
were normal in all cases in this group. 


Cases having symptoms. The serum bilirubin was normal in all cases except 
one where it was 5 mgm. per cent. Other liver function tests in this case were 
normal. A complete hemogram did not reveal any abnormality, but splenic en- 








TABLE 2 


Liver function tests 





Symptomless 


With symptoms 





1. Serum bilirubin 





Serum bilirubin less than 1 mgm %. 
More than 1 mgm %* 





2. Serum proteins 





Number of cases 





Grams/per cent Total Albumin 


Symptom- With |Symptom- 
less symptoms| less 

7.00 or more 

7.0-6.1 neneditas 

Less than 5.0 (considered abnormal) 








4.0 or more 
4.0-3.1 
3.0-2.5 

Less than 2.5 


Total cases a | 25 








8. Cephalin cholesterol 


After 24 hrs. 
Flocculation 


| Globulin 


With |Symptom-| With 


sym pto. 


ms| less symptoms 


} ee) ais 











| 


After 48 hrs. 





Symptomless | With sympts. | Symptomless | With sympts. 





| 
Negative esti © ; 18 | 10 
oa ..| 6 7 
+ 7 
TT 
+++ 
++++ 


}eonsidered abnormal. 





4. Thymol 





(a) turbidity 
0-4 
Above 4 (considered abnormal) 


Total 
(b) flocculation after 18 hours 
Negative 
4 
if 
++) 
+++ ;considered abnormal. 
++++ 





4 
5 
12 
3 
3 
0 





Total... 


| 
| 
| 
| 
| 


28 





* All 3 cases had enlarged spleen and returned to normal after antimalarial treatment. 


+t Considered abnormal. 
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largement was detected on clinical examination and the serum bilirubin fell to 
normal after antimalarial treatment. 

The average mean serum protein value of these 28 cases was 7.41 + 0.51 and 
the difference is not significant. Serum globulin values above 3 gm. per cent were 
noted in 15 out of 28 cases or 53.6 per cent. The average mean value was 3.18 + 
0.64. The average mean serum albumin value in this group was 4.23 + 0.37. 
Differences between the means of both serum albumin and globulin are signifi- 
cant at the 5 per cent level. 

The cephalin cholesterol flocculation test revealed parenchymal liver damage 
in 6 cases out of a total of 27 cases. 

Thymol turbidity was normal in all cases, but thymol flocculation of more 
than one-plus was observed in 3 cases which also had positive cephalin cholesterol 
flocculation tests. 


SUMMARY 


Liver function study was carried out on 26 cases of symptomless carriers, and 
28 cases of intestinal amebiasis with symptoms. High serum globulin values were 
the only evidence of hepatic dysfunction in 9 cases (34.6 per cent) of symptom- 
less carriers; other liver function tests were normal. High serum globulin, ab- 
normal cephalin cholesterol flocculation and thymol flocculation tests were ob- 
served in 15 cases (53.6 per cent), 6 cases (21.4 per cent) and 3 cases (10.7 per 
cent) respectively, in cases having symptoms. 
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THE INFLUENCE OF CHEMOTHERAPY ON THE MORTALITY RATES 
OF TSUTSUGAMUSHI DISEASE IN NORTHERN JAPAN, AND 
SOME OTHER STATISTICAL INFORMATION! 


YOSHIO HARA AND TOSHIO ABE 


Department of Internal Medicine, Niigata University School of Medicine 


Since ancient times in the basins of the five rivers Shinano, Agano, Uono 
(Niigata Prefecture), Mogami (Yamagata Prefecture) and Omono (Akita Pre- 
fecture), tsutsugamushi disease (scrub typhus) has been epidemic annually from 
the beginning of summer to the end of autumn. Through Baelz and Kawakami’s 
description (1879) and the continuous research of many competent investigators, 
our understanding of this disease has gradually become clear. It was recognized 
that this is a rickettsiosis caused by Rickettsia tsutsugamushi, which is trans- 
mitted by Trombicula akamushi. It is epidemic during the farming season. The 
mortality is very high, as shown in Table 1, when compared with Formosa 
(Morishita, 1939), South Asia or the South Sea Islands (Philip, ef al., 1945, 
1946) ; and this has made the study of the disease very important to our country. 

Since 1948 this terrible disease has been curable through the use of several 
chemotherapeutic agents—para-amino-benzoic acid (PABA), chloramphenicol, 
chlortetracycline, oxytetracycline, erythromycin and carbomycin, and the mor- 
tality of tsutsugamushi disease (scrub typhus) in Japan has rapidly declined. In 
fact, since 1952 no deaths from this disease have been reported. 


There are excellent records of the old mortality rates in Japan, which were 
reported by Kojima (1937), and others. The purpose of this paper is to collect 
existing information on the incidence and case fatality figures before and after 
1948, 


SOURCES OF THE STATISTICAL MATERIAL 


(a) Niigata Prefecture. There are seven different statistical reports available, 
but these all have the same origin, i.e. the original record books preserved in the 
Department of Health, Niigata Prefectural Office, which contain each patient’s 
name, address, sex, age, course of illness, etc., as reported by the doctor who 
treated the patient. In Japan any doctor who discovers a patient with this dis- 
ease must report it to the Prefectural Office. The collective data are shown in 
Fig. 1. 

(b) Yamagata Prefecture. There were three different statistical reports, of 
which two were identical, whereas the third differed widely from the others, due 
to the loss of some of the material removed from Yamagata City during the last 
war. The data are combined in Fig. 2. 

(c) Akita Prefecture. The report on the mortality in Akita Prefecture is shown 
in Table 1. 


1 This is a detailed report of part of a paper presented by Professor Shigehiro Katsura 
at the twenty-seventh general meeting of the Japan Infectious Disease Association on April 
4, 1953. Subsequent data up to the end of 1954 have been added. 


218 





CHEMOTHERAPY INFLUENCE ON MORTALITY RATES IN NORTHERN JAPAN 219 





100 350 








300 


t¢-— 








250 


* 

















—F 





MOTHERARY BECA 4 























NY PERCENTAG 


CHE} 
: —- 


Ss 





r 
c 

















NUMBER OF CASES © 


—_j-—_—_—_ 





MORTALIT 














-_ 


- 
b}——s - 


—= 






































. 
b}— 4 — — oe ge = 





x 
f}——- «4+ __-4.-- — 








9. 
SiN 


Cy ° 2 ¥ 
~ Vv 
2 2 2 sy 


L) 
~ 


/ 
'9 


YEAR~ 
Nunper OF CASES AND MORTALITY FROM Scave TreHus 1N Nacata Parrectune, 


1889 101954 (Based ondata in thePretectural (fice Records) 


Fig. 1 


! 
: 
: ' 
ad 
i 
: 
: 


NUMBER OF CASES *------ 


O ~ 
i” foe Se 
WEAR~ 
Numace OF CASES AND MORTALITY FROM Scaua Trews IN Axara Peerectune, 


1894 101954 (Based ondata in thePrefectural Office Records) 


Fia. 2 


INCIDENCE AND MORTALITY IN THE BASINS OF THE FIVE RIVERS 


According to the data we have been able to collect, the number of patients 
and deaths in the valleys of the Shinano, Agano, Uono, Mogami and Omono 
rivers from 1917 to 1948 are shown in Table 1. Before the advent of effective 
chemotherapy, in the basin of Mogami River, 38 of 83 patients died (45.8%), 
the highest rate in any of these basins. The next was Agano, where 229 of 506 
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TABLE 1 
The mortality of tsutsugamushi disease in the basins of five rivers in northern Japan 








Before the advent of advanced After the advent of advanced 
chemotherapy chemotherapy 


Years 


es Mill | Deas v je, ot| No.of | Death 
Shinano 1917-1923 565) ma 32.1 
(Niigata Prefecture) 1924-1933 | 247) = 22.7 | 1950 
1934-1943 | 352) 124 | 35.2) 1951 
1944-1948 | 103 36 | 35. | 1952 | 
1953 
1917-1948 | 1,267 | 31.6 | 1954 | 

















Agano |} 1917-1923 236 .8 | 1949 
(Niigata Prefecture) | 1924-1933 125, .0 | 1950 
1934-1943 | 117) 52 | . 1951 | 

1944-1948 | 2 3 1952 

| | 1953 
1917-1948 9 | 45. 1954 | 








Uono 1917-1923 | 92) { 9 | 1949 | 
(Niigata Prefecture) 1924-1933 : 1950 
| 1934-1943 | .6 | 1951 
1944-1948 | | 25. 1952 | 
| 1953 | 
1917-1948 . | 28.6 | 1954 | 





eomouwnan 





Mogami 1917-1923 | 49.1 | 1949 
(Yamagata Prefecture) 1924-1933 .9 | 1950 | 
1934-1943 3 | ‘ 1951 

1944-1948 1952 

1953 | 

1917-1948 | | 8 | 1954 | 





| mone 





| 
Omono | 1917-1923 1949 


(Akita Prefecture) | 1924-1933 y ’ 1950 | 
1934-1943 
1944-1948 








| | 
1917-1948 | 698} 141 | 


patients died (45.3%), followed by Shinano with 400 deaths in 1,267 cases 
(31.6%), Uono with 63 in 220 (28.6%), and Omono with 141 in 698 (20.2% 
There are remarkable differences in the mortality rates in the basins of these 
five rivers, but when we compare them with the Formosan figures reported by 
Morishita (1939): 114 deaths in 1,044 cases (10.9%): ‘e Philippine records by 
C. B. Philip et al. (1946): 20 deaths in 433 cases (4. ); and New Guinea: 2 
deaths in 26 cases (7.7%) (Philip 1945), the mortality the basins of the five 
Japanese rivers is very high. We cannot believe tha. such a difference arose 
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purely from poor medical care in Japan. The researches of Professor Katsura 
and his associates, using the Niigata and Nagaoka strains, on the Weil-Felix 
reaction, complement fixation test and incubation, suggest a difference in mor- 
tality corresponding to different strains of Rickettsia tsutsugamushi which are 
more toxic in northern Japan than in South Asia, the South Sea Islands or For- 
mosa. Chemotherapy, as we have said, gradually reduced the high mortality to 
zero, as shown in Table 1 and Figures 1 to 2. 


INFLUENCE OF SEX AND AGE ON INCIDENCE AND MORTALITY 


The distribution of cases by sex is shown in Table 2. In all three prefectures 
there was a significant predominance of males, which reached 90 per cent in 


Akita. This was due undoubtedly to the fact that men do more work in the fields 
than women. 


TABLE 2 


Sex of patients 


Prefecture Male Female 





a 2,878 | 1,769 
— (61.98%) | (38.06%) 
100 | 23 
Yamagata (81.30%) (18.70%) 1929-1953 
, 2,573 275 
Akita (90.35%) (9.65%) | 1891-1954 
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The age and sex distribution of the infected patients is shown in Figure 3. 
In Niigata Prefecture, the incidence rises quickly to a peak in the age group 11 to 
20 and then gradually falls. The mortality, however, is lowest in that decade, 
being somewhat higher in children under 10, and rising in both sexes with ad- 
vancing age the first five decades, after which there is no significant difference. 
The figures are much the same in Yamagata and Akita Prefectures, with the 
peak of incidence occuring in the second decade of life. 


INFLUENCE OF SEASON 

In the three prefectures the disease occurs from May to December, with well 
over 90 per cent of the cases in July, August and September (Table 3). According 
to Teramura (1954), this is correlated with the prevalence of Trombicula aka- 
mushi in those areas. 


TABLE 3 


Relationship between number of patients and seasons 





Niigata Prefect. Yamagata Prefect. Akita Prefecture 
(1917-1954) (1915-1953) (1920-1954) 


7 (0.3%) 1 (0.8%) 
(1.9%) 1 (0.8%) (1.0%) 
3 (42.7%) 41 (33.3%) 3 (37.2%) 
(34.3%) 57 (46.3%) 392 (48.1%) 
September. K (15.5%) 21 (17.1%) 99 (12.1%) 
October... 90 (3.9%) 2 (1.6%) (1.3%) 
November.... 2 (1.4%) 2 (0.3%) 
December........ (0.1%) 








Total.. 
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DAY OF DEATH 


There were 661 cases in which the day of death was known: 54 per cent of the 
deaths occured between the tenth and the fifteenth day. The number of deaths 
was most frequent on the thirteenth day, as shown in Figure 4. 


THE ANTIBIOTICS WHICH WERE USED IN NORTHERN JAPAN 


The antibiotics which were administrated to the patients with Tsutsugamushi 
Disease (Scrub Typhus) in Niigata and Akita Prefecture in the past six years, 
were Chloramphenicol, Chlortetracycline, Oxytetracycline, Erythromycin, 
Achromycin and Magnamycin. In the 228 patients, who were treated with 
Chlortetracycline, five died. We think the diagnosis of these cases came too late 
for them to respond to treatment. 


SUMMARY AND DISCUSSION 


The mortality from tsutsugamushi disease (scrub typhus) in Niigata and 
Akita and Yamagata Prefectures in northern Japan, used to be high. Although 
it differed widely in the basins of the five rivers of the area, it was still much 
higher everywhere than in Formosa, the Philippines, the rest of South Asia and 
the South Sea Islands. This is probably due to differences in strain specificity 
and virulence. Since 1948, owing to the wide application of chemotherapy, the 
mortality from this disease in northern Japan has been reduced remarkably, 
and since 1952 no deaths have been reported. 

The mortality is highest in children and old people. Males are attacked more 


frequently than females, but women have a higher case fatality rate than men. 
In northern Japan, cases are most frequent during July, August and September. 
Death occurs frequently between the tenth and fifteenth day, being most fre- 
quent on the thirteenth day. 
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HISTOPLASMIN TESTING IN AFRICA AND SOUTHERN ASIA 
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JOHANNES MEIJER? anp OLE WORM CHRISTENSEN 


World Health Organization Tuberculosis Research Office, Copenhagen, Denmark and 
WHO/UNICEF Regional BCG Assessment Teams 


Since the discovery a decade ago that infection with the fungus Histoplasma 
capsulatum often results in pulmonary infiltrates and calcifications indistin- 
guishable by X-ray from those caused by tuberculosis, skin testing with the 
antigen histoplasmin has become an important tool not only in studying the 
epidemiology of histoplasmosis but also in tuberculosis control work. In geo- 
graphic areas where histoplasma infection is prevalent, the interpretation of 
chest films and diagnosis of tuberculosis are necessarily complicated by the need 
to distinguish between the two diseases. It is therefore not unimportant, par- 
ticularly in planning international tuberculosis control programs, to have much 
more information than is now available about the prevalence of histoplasmosis 
(Edwards and Kier, 1956). 

To assess the tuberculosis problem in some of the countries of Africa and 
Asia, the World Health Organization with assistance from UNICEF created a 
number of special research teams to work under the technical direction of the 
WHO Tuberculosis Research Office. The major activity of the teams has been to 
collect, on a sample basis, data on naturally acquired tuberculin sensitivity and 
the response to BCG vaccination in populations living in different parts of each 
country. Histoplasmin testing was included in the teams’ schedules, when 
feasible, as pilot studies on the prevalence of histoplasmin sensitivity in the 
various countries where their regular work took them. 

Altogether, more than 10,000 histoplasmin tests were done by five teams in 
ten countries. Table 1 shows the places in which the teams worked and the kind 
and size of the population groups tested. Except for the Sudan, where the entire 
country was sampled for histoplasmin sensitivity, the histoplasmin testing was 
generally limited to schoolchildren and village populations living in well-defined 
geographic areas. Unlike many of the histoplasmin surveys which have been 
based on hospital and clinic patients, the present work was done in apparently 
healthy persons—at least they all were able to come for testing. 

The work of the teams was carried out according to a protocol prepared in the 
Tuberculosis Research Office in Copenhagen, and the field records were sent to 
Copenhagen where the material was analyzed and this report prepared. Usually 
the teams were composed of one doctor and two nurses, all of whom had had 
special training and experience in skin-testing work. The team doctor supervised 
the work in the field and, as a rule, one nurse gave all the injections while the 
other read all the reactions. As shown in Table 1, eight persons read the reactions 

‘Present address: Tuberculosis Program, U. 8. Public Health Service, Washington 
25, D. C. 


* Present address: Royal Netherlands Tuberculosis Association, Riouwstraat 7, The 
Hague, Holland. 
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Data on populations tested with histoplasmin in ten different countries 





Country 


Burma 


Egypt 


India 


Indone- 
sia 


Pakistan 


Sudan 


Taiwan 


Viet 
Nam 


| 
Province or 
state 


Maguee 
| 


| Gharbiya 
West Bengal 
Travancore- 

Cochin 


Uttar Pra- 
desh 


| 
{ 
| Ostan 6 


| Tripolita- 


ern Prov- 
ince 
| 
D. G. Khan 





| All prov- 
inces ex- 

cept Up- 
| per Nile 
| 


Nantou 


} 
| Saigon 


| 


Bali, Bangli | 


TABLE 1 





Locality 
Kyini vil- 
lage 


Mehalla 
Darjeeling 
Sakthiku- 
langara 
village 
Ramgarh 
village 


Kedisan 
village 


Surabaya 


| Golpayegan 


| Castel Be- 


nea, East- | 


D. G. 


nito vil- 
lage 


Khan 


See map 
(Fig. 3) 


Fachih vil- 
lage 


Saigon 


| 
Group tested 


Number 


tested 3 Reader 





| General pop- 
ulation 


| Mill workers 


Tea planta- 
| tion work- 
ers 
School-chil- 
dren 


| School-chil- 
| dren 


General pop- | 


ulation 


School-chil- 
dren 


| School-chil- 
dren 


| School-chil- 
| dren 


School-chil- 
dren 


School-chil- 
dren (and 
general 
populations 
in Equato- 
ria) 

General pop- 


ulation 


| 
| School-chil- 
dren 


| 154) S. Midtgird 
| 


377 


| 1,178) B. Johansen 





343) I. S. Clau- 


sen 


I. 8. Clau- 


a8 
sen 


340} R. Egemose 


Neilsen 

| E. Friis 

R. Egemose 
Nielsen 


R. Johanne- 


sen 


D. Rand 
gard 


| B. Johansen 
| 


6,107 E. Hansen 


| 
| 
| 
| 
| 
| 
| 


R. Egemose 
Nielsen 


R. Egemose 
Nielsen 





| 303 





B. Johansen | 


Date 


Jan. 1955 


Aug. 1950 


Jan. 1950 


| Aug. 1954 


| March 


1954 


| Oct. 1954 


| Sept. 


| Feb. 


| April 





1954 


Feb. 1955 


Nov. 
1954 


1953 


1954 
to 
April 

1955 


Jan. 1955 


June 1954 


in the ten different countries and although there may be small differences in 
their technique, their work can be regarded as very uniform. 

All persons were tested simultaneously with tuberculin and histoplasmin, 
one intradermal test with 0.1 ml. in the dorsal surface of each forearm; all reac- 





226 PHYLLIS Q. EDWARDS, ET AL 


tions were read in 48-72 hours by carefully measuring the transverse diameter of 
induration with a millimeter ruler; no reactions were classified in the field as 
“positive” or “negative”. The histoplasmin was supplied by the U. 8. Public 
Health Service, Washington, D. C. For the early studies carried out in Mehalla 
and Darjeeling in 1950, batch H-40 in a 2:1000 dilution was used; for the more 
recent studies done in 1953-1955 batch H-42 was used in a 1:100 dilution. The 
two batches have been shown to be equivalent in the dilutions used (Shaw et al., 
1950). Stock solutions of the histoplasmin were diluted at the State Serum Insti- 
tute, Copenhagen, and sent to the field teams ready for use. The tuberculin was a 
5 TU dilution (0.0001 mg.) of the PPD product identified as batch RT XIX- 
XX-XXI, prepared and diluted at the State Serum Institute. The phosphate 
buffer solution used as diluent for both the histoplasmin and the tuberculin 
was also used for skin testing in some special studies. Throughout the field 
work, all glassware including syringes and needles were clearly labelled for use 
with only one antigen, in order to preclude the possibility of contaminating one 
antigen with another. 

The results of the histoplasmin testing will be presented not as the percentages 
of ‘‘positive’”’ reactors but rather in quantitative terms as frequency distributions 
by size of the reactions (induration) in each population. This method has proved 
useful for the analysis and interpretation of tuberculin reactions (Edwards et al., 
1953) and is, we believe, much more informative than a simple calculation of 
the “‘per cent positive’”’ according to some fixed criterion, e.g., 5 mm. or more for a 
positive reaction. 


RESULTS 


The method of presenting the results and the problem of interpreting them are 
best illustrated in Figure 1 by material collected in the Sudan. The upper section 
of the figure shows the frequency distribution of sizes of reactions obtained with 
the buffer solution used to dilute histoplasmin; the lower section shows the 
distribution of histoplasmin reactions in two village populations (Madebi and 
Yambio) in the Zande district of southern Equatoria near the Belgian Congo 
border. Both distributions are strikingly similar in one respect: a high frequency 
of 0-1 mm. with a rapidly decreasing frequency up to about 8 mm. A negligible 
proportion of the buffer reactions were larger than 8 mm. in diameter, but the 
frequency of histoplasmin reactions larger than 8 mm. gradually increases to a 
maximum around 16 mm. and then gradually diminishes. Altogether, about 15 
per cent of the histoplasmin reactions are larger than 8 mm. and they are dis- 
tributed by size to form a fairly symmetrical, normal-shaped curve. The histo- 
plasmin reactions would thus appear to be of two kinds: those that resemble the 
reactions obtained with the buffer solution and would appropriately be called 
negative, and those exceeding about 8 mm. that form a second group and would 
appropriately be called positive. Such an interpretation has been found ap- 
plicable for distributions of tuberculin reactions in which the reactions of the 
presumably infected are clearly differentiated by their size from those of the 
uninfected (WHO Tuberculosis Research Office, 1955). 
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Fic. 1. Distributions by size of reactions to intradermal tests with buffer solution (upper 
section) and histoplasmin 1:100 (lower section) in the Sudan. 


Results of histoplasmin testing in eight of the nine provinces of the Sudan are 
shown in Figure 2, and the location of the groups tested in the outline map in 
Figure 3. It is evident from the frequency distributions that very little histoplas- 
min sensitivity is found throughout most of the country. The highest frequency of 
reactors was found in two villages of the Zande district of Equatoria province, as 
shown in Figure 1. A much lower though significant proportion (about 5 per cent) 
of strong histoplasmin reactors was found in the remaining part of Equatoria 
where testing was done. In Kassala and Bahr El Ghazal provinces about 3 per 
cent of the populations might be regarded as reactors, but evidence of histo- 
plasma infection was only rarely found in the five other provinces. 

As far as we know, only one case of histoplasmosis has been diagnosed in the 
Sudan, and that was in a 35-year-old Sudanese man who lived in Wad Medani, 
Blue Nile province (Jelliffe, 1949). One other case was diagnosed in England, in 
1942, in a 30-year-old man who had previously lived for several years in the 
Sudan (Derry et al.). Several cases have also been diagnosed in neighboring 
countries: one in French Equatorial Africa (Audebaud et al., 1954), two in Bel- 
gium in former residents of the Belgian Congo (Dubois et al., 1952; Dubois and 
Vanbreuseghem, 1955) and one in England in a former resident of Egypt (Locket 
et al., 1953). Sensitivity to histoplasmin has also been reported in French Equa- 
torial Africa (Merveille et al., 1954), the Belgian Congo (De Vriese, 1953; Claes- 
sens and Haven, 1954), Uganda (Ball and Evans, 1954) and Kenya (Stott, 1954): 
the percentages of “positive” reactions reported were about the same as those 
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Fia. 2. Distributions by size of reactions to intradermal tests with histoplasmin 1:100 
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found in the southern part of the Sudan. Histoplasmosis would thus seem to be 
endemic, though with a low prevalence, in the central-eastern part of the African 
continent. 

Frequency distributions of histoplasmin reactions in twelve other parts of the 
world are assembled in Figure 4. In Libya, Egypt, Iran and Pakistan scarcely 
any reactions exceed 6 mm. in size. That result, together with the form of the 
distributions, leads to the conclusion that none of the persons tested could be 
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Fia. 3. Villages and towns in the Sudan where histoplasmin testing was done, April 1954- 
April 1955. 
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Fia. 4. Distributions by size of reactions to intradermal tests with histoplasmin 1:100 in 
12 areas of Africa and South Asia, 1950-1955. 


considered sensitive to histoplasmin. And no cases of histoplasmosis have been 
reported from those four countries, with the exception of the one diagnosed in a 
former resident of Egypt (Locket et al., 1953). 

Testing in the tea plantations near Darjeeling in India gave only very small 
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histoplasmin reactions, an indication that histoplasmosis is absent in that part of 
India. Distributions somewhat different in form were, however, found for school- 
children in central and southern India. Very few children gave no reaction to the 
test and very few had large reactions, but a great many had reactions measuring 
4 to 8 mm. in size. If, as is often done, reactions of 5 mm. or more are called 
‘positive’, a substantial proportion of the children would be reported as histo- 
plasmin reactors. Yet the degree of sensitivity of those reactors is quite different 
from that of the persons who would be called positive in the southern part of the 
Sudan. 

Actually, almost all of the reactions in India that might be called positive 
because they measure 5 mm. or more are not much larger than reactions that are 
occasionally found with the buffer solution. There is thus little indication that 
histoplasmin sensitivity exists in the populations tested in India, although Wahi 
(1955) has recently reported finding nearly 2 per cent of 1,331 children and 
young adults in Agra (Uttar Pradesh) with “positive” histoplasmin reactions. 

In Taiwan, testing in the village of Fachih in the central district of Nantou 
appears to confirm the results of extensive histoplasmin testing in various parts 
of the country done in 1952 in connection with a mass tuberculin testing program 
(Taipei Provincial Tuberculosis Control Center, 1953). In the national survey, 
only 0.2 per cent of nearly 3,500 schoolchildren had reactions designated as 
positive; in the present survey, none of the reactions are considered likely to 
represent infection with H. capsulatum. 

Results of histoplasmin testing in Kyini village, just south of Mandalay on 
the Irrawaddy River in Burma, resemble those obtained in central and southern 
India with the bulk of the reactions concentrated in the 4 to 8 mm. range. As for 
India, the results in Burma would be interpreted as indicating the absence of 
histoplasmin sensitivity. Our results thus appear to differ from those of Tucker 
and Kvisselgaard (1952) who reported 8.4 per cent reactors to a corresponding 
dose of histoplasmin (Lilly, 1:100) among 142 persons in the Mandalay Central 
Prison. Direct comparison of the two studies is, however, impossible as Tucker 
and Kvisselgaard merely reported their findings as positive or negative. 

The distribution of histoplasmin reactions in schoolchildren in Saigon, Viet 
Nam, indicates that most of them would have to be considered negative; but 
there is a small group, about 2 per cent, with reactions larger than 10 mm. 
Although the evidence is not very strong, it does suggest that occasionally some 
child may have been infected with histoplasma. 

Rather striking differences are seen in the distributions from two parts of 
Indonesia. In Surabaya, on the northern coast of Java, a few children, probably 
not more than 2 per cent, have fairly large histoplasmin reactions that may 
represent specific infection. The distribution of reactions obtained in Kedisan, on 
the island of Bali, differs considerably from any of the others. Almost 25 per cent 
of the reactions measure 8 mm. or more and, if the 5 mm. criterion were to be 
applied, about 55 per cent would be regarded as positive. The group of large 
reactions, like those in Equatoria, probably represent specific infection with 
histoplasma; additional evidence in support of that interpretation is derived 
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from the similar findings obtained with histoplasmin testing in Djakarta (Lie 
Kian Joe et al., 1956) and the fact that four cases of histoplasmosis have now 
been diagnosed in Indonesia (Miiller, 1932; Bras ef al., 1949; Hausman and 
Hiemstra, 1949; Lie Kian Joe (personal communication, 1955)) and three cases 
in former residents of Indonesia (Schultz, 1937; Kirsh and Fressel, 1952; Dowe 
et al., 1953). 

Despite these indications of the presence of histoplasmosis in Indonesia, the 
difference in the form of the distributions for Kedisan and Equatoria in the 
Sudan warrants further consideration. In Equatoria the reactions according to 
their size separate into two distinct groups. One group is composed of small 
reactions generally less than 6 mm., the other composed of large reactions, most 
of them more than 10 mm. An interval of low frequencies between the two groups 
provides a rational basis for distinguishing positive reactors who represent the 
infected members of the group, from the negatives who represent the unin- 
fected. 

In the distribution for Kedisan there is a group of large reactions, though they 
are not so large as those in Equatoria, and a group of smaller reactions. There is 
not, however, an analogous interval of low frequencies between the two groups. 
Instead, what might have been an interval in the 8-12 mm. range is filled in with 
reactions and, as a consequence, a substantial number of what might be regarded 
as “doubtful” reactions is interposed between the positive and negative groups. 
Moreover, small differences in the measurement of the sizes of those doubtful 
reactions could affect considerably the frequency of “positives” and “negatives”’. 

In interpreting the results from Kedisan, and perhaps those from Burma and 
India as well, we must consider the possibility that a good many of the reactions 
may be cross-reactions owing to sensitization by some agent other than his- 
toplasma. In the south-western part of the U. 8. A., for example, where infection 
with Coccidioides immitis is endemic, a large proportion of the persons who 
react strongly to coccidioidin have weak reactions to histoplasmin (Mochi and 
Edwards, 1952). An analogous situation may exist in south east Asia: most of 
the histoplasmin reactions are weak and may represent cross-reactions with some 
other kind of fungus infection. It is also possible that histoplasmosis and other 
fungus infections may co-exist. Further studies of these issues are, we believe, 
justified. They could profitably include comparative testing with histoplasmin 
and other fungus antigens as well as chest X-raying, clinical and pathological 
examinations. 


SUMMARY 


Histoplasmin testing results are reported for groups of schoolchildren and vil- 
lage populations, totalling more than 10,000 persons, in ten different countries of 
Africa and Asia. All tests were given by intradermal injection of 0.1 ml. of histo- 
plasmin dilution, the reactions were read in 48-72 hours by measuring and re- 
cording the transverse diameter of induration in millimeters, and no reactions 
were classified as “positive” or “‘negative’”’ by the field teams. Few reactions ex- 
ceeded 8 mm. in diameter for the groups tested in Libya, Egypt, Iran, Pakistan, 
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India, Taiwan, and Burma, suggesting that histoplasmin sensitivity is probably 
absent in these areas. In Viet Nam and Indonesia, where a small proportion (less 
than 10 per cent) of the reactions tend to be concentrated around 16 mm. in 
diameter, specific histoplasma infection may exist although the possibility of 
cross-reactions with a sensitizing agent other than histoplasma must be con- 
sidered. In the Sudan, where the entire country was sampled for histoplasmin 
sensitivity, very few reactions could be regarded as evidence of specific infection 
except in the southern province of Equatoria, where about 15 per cent of the 
reactions measured more than 10 mm. in diameter. The distributions were 
clearly separated into two groups interpreted as representing the infected and 
uninfected segments of the populations tested. Histoplasmosis, though low in 
prevalence, apparently exists in the central-eastern part of the African continent. 


ADDENDUM 


After this paper was prepared, Dr. Worm Christensen and Miss Randgaard 
completed histoplasmin testing in the village of Hasht-Par, near the Caspian 
Sea, in Iran. A total of 394 persons of all ages—a general population group—were 
given 0.1 ml. intradermally of H-42, 1:100 dilution. The reactions, read in 48 
hours, were distributed as follows: 0-1 mm, 117; 2-3 mm, 232; 4-5 mm, 38; 
6-7 mm, 6; 8 mm or more, 1. Tests have also been given with the same procedure 
and the same histoplasmin to a general population group of 184 persons (of all 
ages) residing in the village of Kormakiti, in Cyprus, with the following results: 
0-1 mm, 75; 2-3 mm, 96; 4-5 mm, 9; 6-7 mm, 3; 8 mm or more, 1. 
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Histoplasmosis is no longer the rare and fatal disease it was once thought to 
be. The fungus infection is now known to be widespread in some parts of the 
world, yet only a small proportion of the persons who become infected develop 
symptomatic, clinical disease and rarely is it fatal. The epidemiology, prevalence 
and pathogenesis of Histoplasma infection are nevertheless of great importance 
to the medical profession. In its pulmonary forms, histoplasmosis closely re- 
sembles pulmonary tuberculosis: active Histoplasma infiltrations, as well as the 
healed remnants of sub-clinical pulmonary infection—calcifications and fibrotic 
scars—are indistinguishable on chest X-ray from the classical picture of tuber- 
culosis. 

Just over 10 years ago, when Christie and Peterson (1945) and Palmer (1945) 
began their epidemiological studies in the United States, little was known about 
the prevalence of infection with Histoplasma capsulatum. These studies revealed 
that a large proportion of the persons living in certain geographic areas react 
strongly to histoplasmin, a skin test antigen prepared from broth cultures of 
H. capsulatum (Negroni, 1940; Van Pernis et al., 1941; Zarafonetis and Lind- 
berg, 1943; Shaw et al., 1950; and others); and, moreover, that histoplasmin 
sensitivity is highly correlated with X-ray evidence of pulmonary calcification. 
Subsequently, other American workers, particularly Furcolow, Loosli, Prior and 
Aronson in the United States; Scott and Tucker in Central America; and Cancela 
Freijo, Carvalho, Gast-Galvis, Negroni and Pollak in South America, have 
amply confirmed the fact that histoplasmosis is present as an endemic sub- 
clinical infection in some parts of the Americas. 

Until very recently, almost nothing was known about how infection with H. 
capsulatum is transmitted. Now, however, the evidence points toward airborne 
transmission, probably from contaminated soil. Emmons first succeeded in iso- 
lating the fungus from soil in 1949, and since that time it has been recovered 
by numerous workers from soil, dust and débris taken from in and around the 
homes and farmyards of infected persons (Ajello and Zeidberg, 1951; Grayston 
et al., 1951; Gordon et al., 1952; Ibach et al., 1954; and others), as well as from 
a variety of domestic and wild animals (De Monbreun, 1939; Thuringer, 1944; 
Tomlinson and Grocott, 1945; Paré 1946; Emmons et al., 1947; Olson et al., 
1947; Richman, 1948; Menges and Kintner, 1951; and others). In an admirable 
review of the subject, Loosli (1955) sums up the present status of our knowl- 
edge: “The available epidemiological and experimental evidence strongly sup- 
ports the view that the respiratory tract is the portal of entry of the histoplasma 
fungus regardless of the type of illness it provokes.” 

235 
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The present paper is an attempt to bring together the information collected 
by many different investigators on the prevalence of histoplasmosis and histo- 
plasmin sensitivity in human beings in various parts of the world. It supplements 
an earlier paper (Mochi and Edwards, 1952) that reviewed the world literature 
up to January, 1951, and presented previously unpublished material from the 
WHO Tuberculosis Research Office, the U.S. Public Health Service, and their 
collaborators. Material for the present report has been derived from a careful 
search of the medical literature up to early in 1955. Material has also been ob- 
tained from investigators who have kindly allowed us to report their unpublished 
results. By collecting and summarizing the available material, it is our purpose 
to draw as complete a picture as possible of the worldwide distribution of histo- 
plasmosis and histoplasmin sensitivity as it appears today. 


REPORTED CASES OF HISTOPLASMOSIS 


The number of clinical cases of Histoplasma infection diagnosed in recent 
years throughout the world can only be estimated from the number of case 
reports appearing in the medical literature—at best a dubious estimate. In the 
United States, for example, where infection with H. capsulatum is highly preva- 
lent in certain areas, diagnosed cases are no longer reported as medical curiosi- 
ties. Emphasis, instead, is being placed on ways to treat progressive forms of 
the disease. In countries where little is yet known of the prevalence of Histo- 
plasma infection, the reporting of cases is of considerable epidemiological sig- 
nificance; and growing awareness of histoplasmosis among the medical profession 
will undoubtedly result in more frequent recognition of cases in areas where the 
disease may prove to be indigenous. 

One indication of where histoplasmosis may have to be reckoned with (aside 
from the U.S.A.) is provided by the material given in Table 1, which lists cases 
reported from all parts of the world (except Canada and the U.S.A.) from Dar- 
ling’s first case in 1906 up to 1955. Most of the cases reported during the first 
half-century were listed and reviewed in some detail in the earlier paper; biblio- 
graphic reference to those cases was also given in that paper and will not be 
repeated here. References to more recent case reports are included in the present 
bibliography, as indicated by the reference numbers in the second column of the 
table. 

More than half of the cases reported outside of Canada and the U.S.A. have 
been diagnosed in Central and South America: 53 out of a total of 95 cases listed 
in Table 1. Histoplasmosis thus appears to be a disease primarily of the Americas, 
as far as is known today. Endemic foci however may also exist in at least two 
other parts of the world. One is Africa, where a total of 14 cases have been diag- 
nosed: 1 in French Equatorial Africa, 1 in the Sudan, 2 in Nigeria, 3 in French 
West Africa and 7 in the Union of South Africa. In addition, 6 cases have been 
diagnosed among persons who formerly lived in the Belgian Congo, Egypt, 
Sudan, Nigeria or west Africa. And there is some evidence suggesting that 
histoplasmosis may also be indigenous in the countries lying between the Pacific 


and Indian oceans: 1 case has been diagnosed in the Philippines, 3 in Australia, 
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and 4 in Indonesia (Java). Two additional cases in former Indonesian residents 
have been diagnosed (one in Germany and one in the Netherlands), thus making a 
total of 10 cases from that part of the world. The remaining cases are too few 
and too scattered over many countries to furnish leads to other endemic areas. 

Histoplasmosis caused by an organism differing from the classical H. capsu- 
latum has been described by Dubois and Vanbreuseghem (1952), who proposed 
the name ‘African histoplasmosis” for the disease and “Histoplasma duboisii 
Vanbreuseghem”’ for the infecting organism. According to Vanbreuseghem 
(Dubois et al., 1952), the organisms recovered from patients with African histo- 
plasmosis are characteristically about 134 in size—some 10 larger than the 
typical H. capsulatum. Furthermore, writes Vanbreuseghem (1955) : 


“L’inoculation intra-testiculaire d’une culture d’Histoplasma duboisii au cobaye permet 
d’observer une succession de faits curieux. Si, une quinzaine de jours aprés l’inoculation, 
on pratique une ponction du testicule, on peut observer dans la gouttelette de liquide ainsi 
obtenue un trés grand nombre de parasites intra- ou extra-cellulaires, qui reproduisent tant 
du point de vue de leur morphologie générale que de leurs dimensions, l|’aspect classique 
d’Histoplasma capsulatum. Mais, & mesure que l’affection évolue, ces formes (que nous 
avons appelées forme capsulatum) se transforment progressivement: elles prennent bientét 
l’aspect des parasites trouvés chez le malade de Dubois et coll. [1952]. Nous avons donné a 
cet aspect du parasite le nom de forme duboisii. Ainsi, chez le cobaye du moins, la morpho- 
logie du parasite est double: alors qu’& ses premiers stades, elles rappelle absolument le 
parasitisme par H. capsulatum, & un stade ultérieur, elle copie point pour point le parasite 
trouvé ches l’homme et identifié comme H. duboisii.’’ 


Dubois and associates (1952) have listed nine cases of African origin that they 
believe can probably be ascribed to H. duboisit. Four of the cases were reported 
previously by other workers who had identified the parasites as H. capsulatum; 
one was reported as a case of Cryptococcus sp.; three are quoted as personal com- 
munications from J. T. Duncan who, according to the authors, was the first to 
suggest that the infecting organism may be a species distinct from H. capsula- 
tum. The ninth is their own case in which the parasites were identified as H. 
duboisit. 

The question of whether H. duboisiz is in fact a species distinct from H. capsu- 
latum has been raised by several workers. Binford (1955), for example, in com- 
menting on the striking variation in the size of extracellular H. capsulatum in 
necrotic tissue, describes cells measuring up to 15y lying adjacent to or inter- 
mingled with normal sized cells. The evidence, he believes, favors the interpre- 
tation of the large forms as an unusual phase of Histoplasma rather than the 
manifestation of a second fungus. Schwarz (1953) has also reported “giant forms” 
of H. capsulatum in explants of tissues of animals inoculated with biopsy material 
from a human case of histoplasmosis. Seven days after inoculation, many of the 
parasitic cells found in the liver (and sometimes in the spleen) measured 12-18y. 
The giant forms, which are also seen in naturally infected human tissue, are (he 
believes) simply a growth in size of the original small yeastlike cells. Crumrine 
and Kessel reported in 1931 on large extracellular phases of the organism in the 
spleen of their patient with histoplasmosis; and De Monbreun, in 1934, observed 
similar large forms in cultures of H. capsulatum in serum. Further studies are 
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TABLE 1 


Data for 96 cases of histoplasmosis diagnosed microscopically or by culture, 1906-1955, according to geographic source of reportt 


j } 
i | | 

| 

— Age | Race or Basis of 
Sex | . ma 

Refer- “€X! (years) | nationality diagnosis Remarks 
ence | Year | 
number 


Report 


Country 





Argentina 1938 | } white biopsy Resident of Buenos Aires province 
Argentina 1940 | } white biopsy Resident of Buenos Aires province 
Argentina 1941 | } 3% white autopsy, Resident of Buenos Aires province 
culture 
Argentina 1943 white biopsy Resident of Federal District 
Argentina 1946 | } 5: white biopsy, 15 years resident of Buenos Aires 
culture 
Argentina 1947 | } 4 white biopsy 8 years resident of Argentina 
Argentina 1949} white biopsy Resident of Argentina 
Argentina 1950} white biopsy 21 years resident of Buenos Aires 
Argentina { 1950 } biopsy Resident of Buenos Aires province 
Argentina 1951 | } 56 white biopsy Resident of Buenos Aires 
Argentina 1953 4 Spanish biopsy tesident of Buenos Aires 
Argentina : 1953} 5 white biopsy Lifetime resident of Buenos Aires province 
Argentina 1954 |! Italian biopsy 29 years resident of Buenos Aires 
culture 
Argentina 1954 biopsy, Resident of Laguna Larga, Cordob& 
culture 
Australia 1948} § white biopsy Lifetime resident of New South Wales 
Australia 7 1953} g Australian biopsy, 
culture 
Australia 1953} 37 Australian biopsy, Lived in Netherlands New Guinea, Schouten 
culture Islands and Borneo 1943-1946 
Austria 1925 | } white autopsy 
Belgium 1952 | | 38 European culture 6 years resident of Belgian Congo 
Belgiun 4 1955 European biopsy, 4 years resident of Belgian Congo 
culture 
Brazil 1939] biopsy, 
culture 
Brazil 1941 sputum 
culture 
Brazil 1941 K mulatto autopsy Resident of Recreio, Minas Gerais 
Brazil 1943 negro 
Brazil 1945 j 2 negro autopsy Resident of Andara{, Bahia 
Brazil 1946} negro autopsy Resident of Xiririca, SAo Paulo 
Brazil 1946 | F 5 negro autopsy Resident of Itapé, Bahia 
Brazil 1946 : white autopsy Resident of Itapé, Bahia 
Brazil 1946 mulatto autopsy Resident of Pernambuco 
Brazil 1953 i - autopsy Resident of Sio Paulo State 
Bulgaria 1950 white biopsy, 
culture 
Chile 1952 : Chilean culture Resident of Santiago 
Colombia 1947 F 56 white autopsy 
‘olombia f 1953 | } — autopsy 
‘olombia b 1953 iF : autopsy 
‘uba 1951 3 white biopsy, Lifetime resident of Mor6n, Camagtiey 
culture 
Suba 1952 | 3 52 Spanish culture 25 years resident of Cuba 
ecuador 1953 biopsy, 
culture 
France 1950 38 French biopsy Lifetime resident of France 
French Equatorial Africa 1954! negro culture Resident of Sara du Tchad 
French Guiana f 1953 5 biopsy 
French West Africa 1945 negro biopsy Resident of Bamako 
culture 
French West Africa 1947 f negro autopsy, Resident of Sikasso 
culture 
French West Africa f 1947 negro autopsy, Resident of Senegal 
culture 








Country 


Germany 
Great Britain 


Great Britain 
Great Britain 


Great Britain 
Great Britain 
Great Britain 


Hawaii 
Honduras 
India 


Indonesia 
Indonesia 


Indonesia 
Indonesia 
Mexico 


Mexico 
Netherlands 
Nigeria 


Nigeria 


Panama 
Panama 
Panama 
Panama 
Paraguay 


Philippines 
Portugal 
Portugal 
Spain 
Sudan 
Surinam 
Surinam 
Surinam 


Surinam 
Surinam 


Surinam 
Turkey 

Turkey 

Union of South 


Jnion of South 
Tnion of South 
Jnion of South 
‘nion of South 


Jnion of South 


Africa 


Africa 
Africa 
Africa 
Africa 


Africa 
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Report 


om Age 
Refer- years) 
ence Year 
number 


1953 
1946 
1949 


1942 


1949 
1949 
1951 
1951 


Race or 
nationality 


German 
white 


British 
British 
British 
British 


white 
Ifonduran 
Hindu 


Javanese 
Chinese 


Chinese 


white 


white 
negro 


Nigerian 


negro 
negro 
Chinese 
colored 
Paraguayan 


Filipino 
white 
Portuguese 
white 
Sudanese 
Hindu 
Hindu 


Creole 


Creole 
Creole 


Hindu 
white 
white 


white 


European 
European 


European 


TABLE 1—Continued 


Basis of 


diagnosis Remarks 


autopsy 33 years resident of Indonesia 


autopsy, Several years resident of India and Sudan 
culture 
culture Resident of west Africa 
pus from Lifetime resident of England 
abscess 
biopsy 30 years resident of India, short visite to 
Indonesia 
autopsy, 7 years resident of Egypt, short visits to 
culture Durban, Tobruk, Bombay, Near East 
biopsy, Lived in France 1939, Nigeria 1942, Burma 
autopsy 1944 
autopsy Resident of Hawaii 
autopsy 
pus from Resident of Calcutta 
abscess 
autopsy Resident of Toendjoengredjo, East Java 
autopsy, Lifetime resident of Java 
culture 
biopsy 20 years resident of Java 
culture Resident of rural area outside Djakarta 
biopsy, Resident of Mexico 
culture 


autopsy Resident of Indonesia 
biopsy, 
culture 
pus from Resident of Benin province 
abscess 
autopsy From Martinique 
autopsy From Martinique 
autopsy 15 years resident of Panama 
autopsy Born in Canal Zone 
autopsy, Resident of Asuncién 
culture 
autopsy 
autopsy Lifetime resident of Portugal 
biopsy 6 years resident of Brazil 
culture Lifetime resident of Spain 
biopsy Resident of Wad Medani, Blue Nile province 
biopsy Resident of Hamburg, near Vitkyk 
biopsy 
animal inocu 
lation 
biopsy 
biopsy 
autopsy 
biopsy 
autopsy Resident of Istanbul 
biopsy Resident of Ankara 
autopsy, Resident of Rhodesia 
culture 
culture 
culture 
biopsy 
biopsy, au- 
topsy, cul- 
ture 
culture Lifetime resident of Southern Rhodesia 
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TABLE 1—Concluded 


Report 


’ ' Race or Basis of 
Refer : nationality diagnosis 
ence Year 
number 


Remarks 


Union of South Africa } white autopsy 

Uruguay white biopsy, Travelled in Argentina and Brazil 
culture 

Uruguay 1947 5 white biopsy, 17 years resident of Montevideo 
culture 

Uruguay 4 1950 biopsy, 
culture 

Uruguay 7 1953 16 white biopsy, Resident of Montevideo 
culture 

Uruguay 7 1953 24 biopsy 

Uruguay 17 1953 60 biopsy 

Venezuela 21 1953 M 34 mestizo autopsy Resident of Lara state 


t Cases diagnosed in Canada and the U.S.A. are not included 
* Reference given in Mochi and Edwards, 1952 


apparently necessary in order to resolve the present uncertainties regarding the 
classification of H. dubvcisti as a species distinct from H. capsulatum. 

The six cases recently reported by a group of investigators in Paramaribo, 
Surinam (Netherlands Guiana) have all been diagnosed by microscopic demon- 


stration of inclusion bodies resembling H. capsulatum in biopsy specimens or 


in the tissues of mice inoculated with biopsy material. Similar inclusion bodies 
have also been described by the same authors (Winckel et al., 1953) in a high 
porportion (about 70 per cent) of curettage specimens of women with menstrual 
disturbances. In questioning such an unusual finding, Schwarz (1954) suggested 
that without culture of the organism the diagnosis must be regarded as dubious; 
and the authors have replied that “... future researches in Paramaribo will 
include attempts at cultivation of the organsim.’’ (Collier and Winckel, 1954) 
In areas where a high prevalence of Histoplasma has already been established 
by rigorous diagnostic procedures, microscopic identification of the organism can 
no doubt be considered acceptable presumptive evidence to support a diagnosis; 
but where the prevalence of histoplasmosis is still unknown and, in fact, no 
single case has yet been proved by culture, one would certainly agree that cul- 
ture of the organism is a prime essential for the diagnosis of histoplasmosis. 


HISTOPLASMIN SENSITIVITY 


Since 1945 when results of the first large-scale histoplasmin testing surveys 
were reported from the United States, reports of more than one hundred studies 
carried out in different countries have appeared in the medical literature. The 
world-wide geographic distribution of histoplasmin sensitivity, mapped out on 
the basis of the data available today, is presented graphically in Figure 1. Each 
shaded area on the map represents the reported results of one study; more de- 
tailed data about each study are given in Table 2. Bibliographic references are 





Fic. 1. Map of the world showing reported results of histoplasmin testing, 1945-1955 
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given in the second column of the table for all studies except those to which 
reference was made in the previous paper. A great many studies have been made 
by different workers in various parts of the U.S.A., too many in fact to try to 
review here; for present purposes, the pattern of sensitivity in the U.S.A. will 
be based on data from the nation-wide studies conducted by the U.S. Public 
Health Service over the last 10 years among nursing students, university stu- 
dents and navy recruits. 

As indicated by the darker shaded areas on the map, histoplasmin sensitivity 
is apparently much more prevalent in the Americas than elsewhere in the world. 
The highest frequenceis of histoplasmin reactors—as high as 90 per cent in some 
young adult populations—have been found among lifetime residents of the 
east-central part of the United States, with rapidly decreasing frequencies in the 
adjacent areas. Frequencies of more than 40 per cent reactors to histoplasmin 
have been reported from Ecuador, Honduras, Mexico and Surinam; and of more 
than 30 per cent from Brazil, Colombia, French Guiana, Panama and Vene- 
zuela. There can be little doubt from such findings that histoplasmin sensitivity 
is fairly widespread throughout North, Central and South America; whether or 
not all of it represents specific infection with H. capsulatum is, however, still 
uncertain. Further studies are needed to answer that question. 

The only other areas in the world where histoplasmin sensitivity may be 
prevalent are Africa and south-eastern Asia—and the sensitivity rates in those 
areas appear low compared with rates in the Americas. From around 5 to 15 
per cent of the persons tested with histoplasmin have been regarded as “‘posi- 
tive” in Algeria, the Belgian Congo, French Equatorial Africa, Kenya, the 
Sudan, Uganda and the Union of South Africa. In most cases, however, each 
study has been limited to one particular locality, and the results should there- 
fore probably not be generalized to apply to the entire country. In the Sudan, 
however, the entire country (except the Upper Nile province) has been covered 
systematically (Edwards ef al., 1956): more than 6,000 persons were tested with 
the same histoplasmin product (USPHS: H-42, 1/100) and the reactions were 
all read by the same person. Comparable results are thus available for mapping 
out histoplasmin sensitivity on a nation-wide basis in the Sudan. (See Figure 1). 
Positive reactions in more than 2 per cent of the population were found only in 
the provinces of Kassala, Bahr El Ghazal and Equatoria. Frequencies of up to 15 
per cent were found in some parts of Equatoria; and in this connection it is 
significant to note that Equatoria is the southernmost province of the Sudan, 
lying adjacent to four other countries from which histoplasmin sensitivity as well 
as five cases of histoplasmosis (cf. Table 1) have been reported by other in- 
vestigators. 

Endemic foci of histoplasmosis may also be found in some parts of south- 
eastern Asia. A number of cases of the disease have been diagnosed in Indonesia, 
and histoplasmin testing in Djakarta, Surabaya and Bali revealed variable low 
percentages of positive reactors. A small proportion of reactors was also found 
in the Philippines and in Burma, and cases have been reported from Australia 
and the Philippines. Although only a limited amount of testing has been done 
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TABLE 2 


Data for studies of histoplasmin sensitivity according to geographic location of populations tested, 1945-1955 


Report Population tested Histoplasmin 
Percentage 
raphic location atin reported as 


ence | Year Character Number Product Dose positive 


number 


Alaska 
Pribilof Islands general population 356 USPHS: H-3 1/1000, 
1/100 
south-eastern schoolchildren & young adult | several USPHS: H-15 1/100 
Indians hundred 


Algeria 92 mine workers 323 
Argentina 
medical clinic patients 437 Negroni 1/10 
Buenos Aires chest clinic patients 1,635 — 
Cérdoba clinic & tuberculosis patients 202 USPHS: H-40 1/1000 
Austria 
Vienna 951 medical clinic & sanatorium 1,600 USPHS 
patients 
Belgian Congo 
Masi Manimba ¢ general population Lilly 1/100 
Kwango) 
Tshela 1953 hospital patients Vanbreuseghem | undiluted 10 
Brazil 
Pérto Alegre 1950 | prisoners (male 1/100 14 
Rio de Janeiro 1949 tuberculosis clinic patients 1/1000 26 
Rio de Janeiro 1950 tuberculosis clinic patients 72 1/1000, 10 
1/100 
Rio de Janeiro 5 1954 | chest clinic patients 53 u various 16 
Rio de Janeiro and 1950 | general population variou various 2.6 to 21.9 
Bahia 
Salvador 1950 general population 1 1/100 
Santarém 1952 schoolchildren & hospital staff USPHS: H-40 1/1000 
S&o Paulo : 1951 | clinic patients 5 1/1000 
Burma 
Insein 1952 prison population Lilly: CT-189 1/1000 
Kyini } 1956 general population is USPHS: H-42 1/100 
Mandalay 1952 prison population 7? Lilly: CT-189 1/1000, 
1/100 
Rangoon 1952 prison population Lilly: CT-189 1/100 
Canada 
Abitibi-East 1949 Indian population ISPHS: H-15 1/1000 
Beloeil 1949 schoolchildren 7 TSPHS: H-15 1/1000 
Halifax 1949 university students JSPHS: H-15 1/1000 
Newfoundland 1949 general population ; JSPHS: H-15 1/1000 
Ste. Agathe des Monts 1952 tuberculosis patients 
Winnipeg 1950 hospital patients Lilly 1/100 
Chile 
Santa Rosa : 1953 | schoolchildren 1/1000 
Santiago 3 1952 university students Qf Inst. of Hyg., 1/100 
Valle de Colliguay 1952 | schoolchildren , Montevideo 1/100 
Vifia del Mar 1951 | schoolchildren (boys ) H-4 1/100 
Colombia 
Barranquilla 7 1949 general population 1/1000 
Bogot& 7 1949 | general population p> 1,427 1/1000 
Cartagena 1949 general population } 1/1000 
Socorro 1953 schoolchildren Lilly: CT-189 1/100 
Cuba 1952 hospital patients Lilly: CT-189 1/100 
Curacao 1948 general population _ 
Czechoslovakia 
Datice 1952 schoolchildren 989 USPHS: H-40 2/1000 
lava 1952. schoolchildren 386 USPHS: H-40 2/1000 
Denmark 
Kgge 


1952 general population >1,500 USPHS: H-40 1/1000 








Geographic location 


Ecuador 


Guayaquil 
Quevado 
Egypt 
Mehalla 
Finland 
Helsinki 


France 


Arcachon 
Nord dept 
Paris 

Rhéne dept. 
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Report 


Refer 
ence 
number 


Year 


1953 


1953 


1956 


1950 


1952 
1954 
1951 
1955 
1954 
1950 


TABLE 2—Continued 


Population tested 


Character 


patients 
schoolchildren 


mill workers 
hospital patients 


tuberculosis patients 
general population 
children 

mine workers & children 
children 

tuberculosis patients 


Histoplasmin 


Product 


JSPHS: H-40 
USPHS: H-40 
Lilly 

Lilly 

USPHS 


USPHS: H-42 


| Dose 


| 2/1000 
| 2/1000 
1000 


100 


Percentage 
reported as 
positive 


French Equatorial Africa 
Brazzaville 95 1954 | adults (male 353 Inst. Pasteur 
Paris 
French Guiana 
Cayenne 
Germany 
Berlin 


general population y Lilly 1/1000 


medical clinic & tuberculosis 
patients 


USPHS: H-42 1/100 


Great Britain 
air force men 1/1000, 
| 1/100 
1/1000, 
1/100 
1/1000 


Cardiff university students 
London hospital patients (children 
Greece 
Crete schoolchildren 
Greenland 
Angmagssalik 
Hawaii 
Hawaii county 


USPHS: H-40 1/1000 


general population USPHS: H-40 2/1000 


tuberculosis patients & plan- USPHS: H-40 


tation workers 


1/1000 


Honduras 
La Lima 1950 
Tela 1951 
Hong Kong 


hospital patients (male Lilly: CT-189 1/100 


hospital patients USPHS: H-40 2/1000 
1949 | adults 


1952 | schoolchildren 


USPHS: H-15 1/1000 
USPHS: H-42 1/100 
India 
Agra 1955 
Darjeeling 6 1956 
Kelur 1952 


schoolchildren & young adults . Lilly 
USPHS: H-40 
USPHS: H-40 


1/1000 
2/1000 
| 2/1000 


plantation workers 
schoolchildren & leprosy pa- 
tients 
Ramgarh 1956 
Sakthikulangara 1956 
Indonesia 
Djakarta d 1956 


USPHS: H-42 1/100 
USPHS: H-42 1/100 


schoolchildren 
schoolchildren 

hospital patients, nurses & USPHS: H-42 1/100 

schoolchildren 

Kedisan 5 1956 
Surabaya i 1956 
Iran 

Golpayegan 1956 
Ireland 

Dublin 1946 
Italy 

Lombardy 1948 
northern 1948 


USPHS: H-42 1/100 
USPHS: H-42 1/100 


general population 
schoolchildren 


schoolchildren USPHS: H-42 1/160 


children 


tuberculosis patients 
general population 








Geographic location 


Italy—Continued 
Trieste 
Tuscany 
Tuscany 


Tuscany 
Japan 


Kenya 


Libya 
Castel Benito 


Mexico 


AbalA 
Chiapas 
Mexicali 
Mexico City 
Netherlands 


Nicaragua 
Norway 
Bergen 
Oslo 
Pakistan 
D.G 
Panama 


Khan 
Cristobal 


Gatun Lake 
Paraguay 

Asuncién 
Philippine Islands 

Manila 

Manila 
Poland 

Cracow 

Siedlce 
Portugal 
Puerto Rico 
Romania 
Spain 


Madrid 
Sudan 
Surinam 

Paramaribo 


Paramaribo 
Paramarib« 


“weden 


Malmo 
Switzerland 
Basel 
Geneva 
Zurich 


1955 
1952 


1948 | 
1950 | 


1952 
1948 


TABLE 2—Continued 


Population tested 


Character 


| former tuberculosis patients 
| tuberculosis patients 
schoolchildren & 
(adults) 
| children 


patients 


schoolchildren 
general population 
prisoners & mine workers 


schoolchildren 


army recruits 


| general population 
| Indian population 

| general population 
| hospital patients 

| general population 


| children 


hospital patients & staff 


| hospital patients 


| schoolchildren 


hospital patients 
general population 


general population 


| university students 
| tuberculosis patients 


| schoolchildren 


schoolchildren 


| army recruits 
general population 


general population 


air force recruits & university 
students 


| university students 


schoolchildren 


hospital patients & general 
population 

leprosy patients 

contacts of two histoplasmosis 
patients 


hospital patients 
hospital patients (children 


army recruits 

children 

| university students 

medical clinic patients (adults 
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Histoplasmin 


Percentage 





Lilly 
USPHS: H-42 


Lilly 

USPHS: H-42 
USPHS: H-42 
USPHS: H-42 


Peterson 


Lilly 


Lilly 
USPHS: H-40 
USPHS: H-42 


Lilly: CT-189, 
USPHS: H-42 


Christie 
USPHS: H-42 
USPHS: H-40 
USPHS: H-40 
USPHS: H-42 
Duke University 
USPHS: H-42 
Lilly 


USPHS: H-40 | 
USPHS: H-42 


Lilly 


Lilly 


Lilly 
USPHS: H-42 


Duke University 
USPHS: H-40 


Number Product | Dose 


1/1000 


1/100 
2/1000 


1/100 


1/100 


1/100 


1/100 
1/1000 


2/1000 


| 2/1000 


1/100 
1/1000 
1/100 


1/1000, 
1/100 

1/1000 

1/100 


1/1000 


1/1000 
1/1000 


1/100 
1/100 


1/100 

1/1000 
| 2/1000 
| 1/100 


reported as 
positive 





| from 3.4 (Mex- 
ico City) we 
43 (Chiapas) 
| 55.3 
about 40 
| 21.4 
18.6 
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TABLE 2—Concluded 
Report Population tested Histoplasmin 


’ intitle — _| Percentage 
Geographic location Refer- reported as 


ence | Year Character Number Product positive 
number | 
Taiwan 
1953 | schoolchildren USPHS 
H-42 
Fachih 1956 | general population ‘ USPHS 
Turkey 
Ankara 1952 hospital patients (children - 
Istanbul 1949 | clinic patients USPHS 
Istanbul 1952 | prisoners Q USPHS 
Uganda 6 1954 hospital patients & staff 
Union of South Africa 
Capetown 1952 | hospital & clinic patients | Lilly 
Durban 1952 | Bantu population : | USPHS: H-15 
Transvaal 1949 | white population | USPHS: H-15 
United States of America 1956 | students & navy recruits USPHS: H-3, 
H-15, H-40, 
H-42 
Uruguay 
Montevideo adults USPHS: H-15 1/1000 
Venezuela 
Barquisimeto 23 schoolchildren | USPHS: H-40 1/1000 
Caracas tuberculosis patients, sana- | USPHS: H-42 1/100 
torium staff & nursing 
students 
Viet Nam 


Saigon 46 | 1956 | schoolchildren | 30% USPHS: H-42 1/100 about 2 


* Reference given in Mochi and Edwards, 1952 


in that part of the world, the results available would, at the moment, tend to 
suggest the absence of histoplasmin sensitivity in the other countries where 
studies have been carried out: Pakistan, India, Viet Nam, Hong Kong, Taiwan, 
and Japan. 

There is little indication that histoplasmin sensitivity exists in Europe, nor 
have more than a few, isolated cases of histoplasmosis been diagnosed in lifetime 
residents of Europe. 


RELATION BETWEEN HISTOPLASMIN SENSITIVITY AND 
PULMONARY CALCIFICATION 


Interpretation of the results of histoplasmin testing may be aided by a study 
of the relation between histoplasmin sensitivity and pulmonary calcification in 
the population. Pulmonary tuberculosis is of course a common cause of calcifi- 
cation, but histoplasmosis is also a common cause; in fact, in some geographic 
areas pulmonary calcification is more often a result of Histoplasma infection 
than of tuberculous infection. Thus, the presence of calcification in a high pro- 
portion of the population who react to histoplasmin would suggest that the 
reactions are specific for infection with H. capsulatum. A very low frequency of 
calcification in histoplasmin reactors, on the other hand, would suggest that the 
reactions represent sensitization by some other, antigenically related organism. 
A simple comparison of the frequency of calcification between histoplasmin re- 





PHYLLIS Q. EDWARDS AND JOYCE HILLEBOE KILLER 


TABLE 3 
Relation between pulmonary calcification and sensitivity to histoplasmin and tuberculin in four 
different parts of the world 


Study population U.S.A.@ Brazil** Panama" Indonesia® 


Percentage with calcification 
H+ T+ 
H+ T- 
H— T+ 
H- T- 
Number with calcification 
H+ T+ 
H+ T- : 12 
H— T+ 20: 33 
H-— T- 76 14 
Total A 113 


Number tested 
H+ } 626 53% 310 
H+ 3,167 ) 77 
H- . 1,898 303 1,323 
H— 10,629 46 310 811 
Total 16,320 1,000 2,311 


actors and histoplasmin non-reactors can, however, be very misleading: account 
must also be taken of calcification caused by tuberculosis. 

If tuberculin tests are given at the same time as the histoplasmin tests and 
the chest X-rays, the population can be subdivided into four groups according 
to their skin test results: those who react to both histoplasmin and tuberculin 
(H+ T+), those who react to histoplasmin only (H+ T—), to tuberculin only 
(H— T+) and to neither (H— T—). The frequency of calcification in each of 
the four groups can then be compared; and, for this purpose, the frequencies 
are expressed as the percentages of persons with calcification among the total 
number of persons in each subdivision, as illustrated by the results of four such 
studies summarized in Table 3. 

In the U.S.A. and in Brazil, the difference in frequency of calcification between 
persons who react only to histoplasmin and those who react only to tuberculin 
is striking: pulmonary calcification is found more than three times as frequently 
in histoplasmin reactors (H+ T—) than in tuberculin reactors (H— T+) in 
the U.S.A., and nearly twice as frequently in Brazil. On the other hand, only 7 
persons out of 1,000 who do not react to either antigen in the U.S.A. and 1 per 
1,000 in Brazil have evidence of pulmonary calcification. Thus, in both coun- 
tries pulmonary calcification appears to be associated much more often with 
histoplasmin than with tuberculin sensitivity and is only rarely found in persons 
who do not react to either antigen. 

In Panama, where again the frequency of calcification is higher in histoplasmin 
than in tuberculin reactors, it appears that some other condition (or conditions) 
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is also responsible for producing pulmonary calcifications: 4.5 per cent of the 
persons who do not react to either histoplasmin or tuberculin are reported to 
have pulmonary calcification. Coccidioidomycoti¢ infection seems unlikely, as 
indicated by the results of coccidioidin tests given in the same population: less 
than 1 per cent had reactions that were considered positive. 

The findings in Indonesia are more difficult to interpret. X-ray evidence of 
pulmonary calcification is found primarily among persons who react to tuber- 
culin, yet the frequency of persons with calcification is considerably higher among 
those who react to both tuberculin and histoplasmin than among those who 
react only to tuberculin: 4.1 per cent as compared with 1.3 per cent. These findings, 
though based on relatively small numbers of persons with pulmonary calcifica- 
tions, suggest that Histoplasma infection may be a cause of pulmonary calcifi- 
sation in Indonesia. 

Suggestive findings have also been reported from other areas but in most 
instances the numbers of cases are too small to provide stable frequencies. Such 
studies can nevertheless furnish useful leads for further, more comprehensive 
investigations similar to those summarized in Table 3. Wahi (1955), for example, 
has recently reported from Agra (India) that among nearly 600 schoolchildren 
and young adults with pulmonary calcification, 80 per cent reacted to tubercu- 
lin, 2 per cent to both tuberculin and histoplasmin, less than 1 per cent to histo- 
plasmin only; but about 17 per cent did not react to either antigen. Thus, “‘. . .the 
question of calcification in the lungs of persons who do not react to tuberculin 
will remain a major unanswered problem in tuberculosis control in this country.” 
A different situation is reported from French Equatorial Africa, where Merveille 
and his associates (1954) have made studies of 352 apparently healthy men living 
in Brazzaville. Pulmonary calcification was noted in the chest X-rays of 7 of the 
30 histoplasmin reactors: 3 of the 7 were also tuberculin positive, but 4 were 
tuberculin negative. Similarly, Tucker and Kvisselgaard (1952) mention that 
chest X-rays were taken of 7 of the 13 persons in the Rangoon Central 
Prison who were histoplasmin positive but tuberculin negative. All seven were 
said to have bilateral hilar calcifications; but it is difficult to interpret this find- 
ing without knowing something about the frequency of hilar calcifications in 
those negative to both tuberculin and histoplasmin. 

The interpretation of calcification, especially in the hilar region, is subject to 
considerable variability, even for a single reader. Inter-individual reading differ- 
ences are probably much greater. For this reason one would prefer that all X-rays 
for a given study group be read by the same person and, perhaps more important, 
that the films be read without knowledge of the skin-test results to safeguard 
against the well-known risk of personal bias in the interpretation of chest X-rays. 


DISCUSSION 


Histoplasmosis, while often closely resembling pulmonary tuberculosis in its 
clinical and roentgenological appearances, differs strikingly in its epidemiology. 
The factor of primary significance in histoplasmosis is geography: where a man 
lives, rather than with whom he lives, is of major importance in determining 
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his chances of becoming infected with the fungus H. capsulatum. In areas where 
Histoplasma is prevalent, a high proportion of the population, urban as well as 
rural, show a strong degree of sensitivity to the skin-testing antigen, histo- 
plasmin; a fair proportion, in addition, have X-ray evidence of healed pulmo- 
nary infiltrations; and a few persons may be found with signs and symptoms of 
active pulmonary disease. Where the fungus is less prevalent, evidence of its 
presence may be limited to well circumscribed localities or to only a small num- 
ber of persons who have been exposed to a “‘point source’’ of infection. 

A number of epidemic outbreaks of pulmonary disease of ‘‘unknown etiology” 
were reported in the U.S.A. during the 1940’s when little was known in that 
country about the prevalence and pathogenesis of Histoplasma infection. In one 
instance, 12 persons who had been shovelling pigeon manure from an abandoned 
water tower in Ohio developed a mild to moderately severe disease described as 
“pneumonitis of unknown etiology’ (Feldman and Sabin, 1948). In another, 21 
young men who excavated an old abandoned chalk mine in southwestern Ar- 
kansas contracted a febrile illness with pulmonary manifestations reported as 
“cave sickness: a new disease entity?’’ (Washburn ef al., 1948). In a recent retro- 
spective review of 13 such epidemics, Furcolow and Grayston (1953) collected 
convincing evidence that the epidemics were, in fact, histoplasmosis. Skin tests 
with histoplasmin were given to 94 of the total of 116 persons involved: all 
reacted to the test; pulmonary calcifications were demonstrated in 61 of 73 
persons for whom chest films could be obtained at least 4 years after the epi- 
demic; serologic evidence of Histoplasma infection was found in each epidemic; 
and, finally, H. capsulatum was cultured from soil samples taken from the point 
source in 11 of the 13 epidemics. 

More recently, with growing awareness of histoplasmosis as an infection to 
be reckoned with in certain parts of the U.S.A., similar epidemics have been 
recognized at the time of the outbreak and approporiate steps have been taken 
to confirm the diagnosis clinically at the time of the illness. The case of the farm 
family reported by Loosli and associates (1952) may be cited as an illustration. 
The father and two sons developed a febrile illness with extensive ill-defined 
pulmonary infiltrations several weeks after cleaning out an old unused silo on 
the farm. H. capsulatum was recovered from the sputum and bone marrow of 
the father; he and both sons showed significantly high titers of complement-fixing 
antibodies against the yeast-phase Histoplasma antigen; all three reacted to 
histoplasmin (1/100) skin tests but none reacted to 5 TU tuberculin tests. Three 
other members of the family were found to have asymptomatic localized pul- 
monary infiltrations, positive histoplasmin tests and negative tuberculin tests. 
H. capsulatum was isolated repeatedly from samples of residual soil from the 
silo floor and wall; and the authors conclude that “... the inhalation of dust 
containing the fungus which in all probablility was leading a saprophytic exist- 
ence in the silo soil, is considered the important mechanism of acquiring the 
infections in this family.”’ 

The accumulating epidemiological evidence points more and more clearly 
toward air-borne transmission of Histoplasma from contaminated soil to the 
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respiratory tract of human beings; there is no evidence of man-to-man or ani- 
mal-to-man transmission. While not all cases of the disease are respiratory—in 
fact the first known case reported from Panama by Darling in 1906 resembled 
leishmaniasis with generalized involvement of the reticulo-endothelial system— 
the great majority of the cases diagnosed in recent years have been predomi- 
nantly pulmonary, often with disseminated miliary infiltrations and hilar 
adenopathy. The healed residuals of such infection—multiple pulmonary calci- 
fications with or without hilar calcifications—are now recognized as almost 
pathognomonic for histoplasmosis in endemic areas. 

On the hypothesis that the geographic pattern of histoplasmin sensitivity in 
the United States may be closely related to the pattern of prevailing winds 
across the continent, further epidemiological studies are now under way by 
Manos of the U.S. Public Health Service. Particular attention is being directed 
toward the localized areas swept by tornados, as the tornado has the peculiar 
characteristic of tracing a well-defined path, digging down into the ground, 
scooping up and disseminating the soil. If the soil should harbor Histoplasma 
spores, the probabilities would seem good that ‘‘epidemics” might be expected 
to appear in the population living in the path of a particular tornado. The 
hypothesis is being tested by retrospective studies of histoplasmin sensitivity 
rates in tornado areas as compared with adjacent ‘‘non-tornado”’ areas, as well 
as by studies of populations before and after a tornado has struck. A high histo- 
plasmin conversion rate associated with a tornado would offer strong support 
for the “tornado theory”. Although results of the current studies are not yet 
available, the evidence collected in the retrospective studies looks very promis- 
ing (Manos, 1955). 

Suggestive evidence has also been reported recently from Japan by Katayama 
and his associates (1953) who gave histoplasmin tests to 29 different population 
groups, totalling nearly 9,000 persons in various parts of the country. The results 
showed a negligible frequency of positive reactors in all but groups of workers 
in factories where imported soil or sand was being used. In one chinaware fac- 
tory, for example, 52 out of 886 persons (5.9 per cent) reacted with 5 mm. or 
more to histoplasmin; in one glass factory, 18 out of 117 (15.4 per cent) had 
positive reactions; whereas in 3 chinaware factories where only native soil was 
being used, as well as in several groups of zinc and copper miners, only an occa- 
sional reactor was found. It was learned that the soil used by the particular 
factories with a significant frequency of histoplasmin reactors had been imported 
from various countries including the U.S.A., but efforts have so far been unsuc- 
cessful to isolate H. capsulatum from samples of the soil being used in the fac- 
tories. Meanwhile, investigations made in the U.S.A. (Cross, 1955) have revealed 
that a clay-exporting firm in Virginia had been sending clay to a firm in Canada 
which, in turn, transshipped it to Japan. H. capsulatum has been isolated re- 
peatedly from soil samples collected in and around the area from which clay 
has been exported from Virginia. Thus, though the picture is still incomplete, 
the different pieces are beginning to fit together to make a remarkable story of 
international epidemiology. 
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A similar chain of events may possibly be found to account for the single, 
isolated cases of histoplasmosis reported from time to time in lifetime residents 
of countries where histoplasmin surveys have given uniformly negative results. 
For example, the case reported in 1943 of a 59-year old woman who had never 
been outside of Portugal has remained puzzling, as the evidence so far available 
suggests that histoplasmin sensitivity is not found in that country. In this con- 
nection, van Uden and associates (1954) have recently suggested that, while 
nation-wide general population surveys may fail to point toward any suspicious 
areas, extensive histoplasmin testing of residents in the particular locality where 
a case is diagnosed might reveal an unsuspected “island” of histoplasmosis in 
the midst of an otherwise uncontaminated area. 

For much the same reasons, a high frequency of histoplasmin sensitivity in a 
region where no cases of the disease have ever been found would suggest that 
an intensive search be made for unrecognized cases. Particular attention might 
be paid in such circumstances to patients in tuberculosis hospitals who are 
“anergic’”’ to tuberculin or from whom repeated attempts to culture “typical”’ 
tubercle bacilli have been unsuccessful. Appropriate diagnostic procedures might 
also be made in patients on general medical wards diagnosed as having “pneu- 
monitis of unknown etiology’’, “primary atypical pneumonia’’, and the like. It 
was in this way that Bunnell and Furcolow in 1948 were able to diagnose a 
number of previously unrecognized cases of histoplasmosis among hospitalized 
patients in Kansas City—an area with a high histoplasmin reactor rate but, at 
that time, apparently very few cases of the disease. A similar situation recently 
existed in Panama, where the reactor rate was found to be high but no cases 
had been diagnosed since 1907. An intensive search was started for cases and 
one was found and reported by Draheim and associates (1951) within a year; 
and Ajello (1954) has recently isolated H. capsulatum from a sample of soil 
taken from the area around La Campana. 

f Histoplasmin sensitivity is not, in itself, incontrovertible evidence of infection 
with H. capsulatum. Other fungus antigens are known to cross-react with histo- 
plasmin (Smith, 1943; Emmons et al., 1945; Howell, 1947; Loosli et al., 1951; 
Campbell and Binkley, 1953), although the homologous antigen generally evokes 
larger reactions than heterologous antigens. In the Pacific south-western states 
of the U.S.A., for example, where infection with Coccidioides immitis is wide- 
spread, a relatively high proportion of the population react to both coccidioidin 
and histoplasmin, but the histoplasmin reactions, as a rule, are rather weak and 
are found only in persons with strong reactions to coccidioidin. On the other hand, 
weak coccidioidin reactions are often found among strong histoplasmin reactors 
in the east-central area of the U.S.A. where histoplasmosis is endemic. Blasto- 
mycosis may also give rise to skin sensitivity to histoplasmin (as well as to 
blastomycin) as, indeed, may other still unknown fungus infections. Testing 
simultaneously with histoplasmin, coccidioidin and blastomycin could, however, 
be expected to furnish presumptive evidence of the etiologic agent in areas where 
infection with H. capsulatum is considered dubious. Serological studies may also 
be of diagnostic value, particularly in recently infected cases (Salvin, 1947; 
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Tenenberg and Howell, 1948; Furcolow et al., 1948; Campbell and Saslaw, 1949; 
Grayston, 1952; and others). 

There is no evidence that tuberculin cross-reacts with histoplasmin or other 
fungus antigens. Hence, if histoplasmin reactions are found exclusively in tuber- 
culin positive persons, one has good reason to suspect that the histoplasmin has 
been “‘contaminated” by the tuberculin, most likely through the use of glass- 
ware previously used for tuberculin. In such a case the histoplasmin reactions 
can only be regarded as “false positives” and the work should be repeated with 
particular caution to preclude contamination. To be able to rule out contamina- 
tion, however, histoplasmin testing should be done simultaneously with tubercu- 
lin testing, one test being given in each arm; correlation of the reactions in the 
entire group may then satisfy doubts about the reliability of the results. 

Finally, if a histoplasmin survey is planned to include chest X-raying as well 
as tuberculin testing, the results can be expected to furnish additional clues to 
the source of the histoplasmin sensitivity. Where histoplasmosis is prevalent, 
there is usually a high correlation between histoplasmin sensitivity and pulmo- 
nary calcification in persons who have not been infected with tuberculosis. The 
absence of calcifications in histoplasmin reactors would suggest a search for some 
fungus other than H. capsulatum as the etiologic agent. 


SUMMARY 


Infection with the fungus Histoplasma capsulatum is known to be highly 
prevalent in some geographic areas, absent in others; but for many parts of the 
world little information is yet available on whether or not histoplasmosis has to 


be reckoned with as a significant health problem. The existence of an endemic 
focus of infection is suggested by cases of the disease diagnosed by culture of 
the organisms, particularly if the patients are lifetime residents of a particular 
locality; by cutaneous sensitivity to the antigen histoplasmin in the population; 
and by the correlation of histoplasmin sensitivity with X-ray evidence of pul- 
monary infiltrations or calcified residuals. The present paper brings together 
information from many different sources to draw as complete a picture as pos- 
sible of the world-wide distribution of histoplasmosis and histoplasmin sensi- 
tivity as it appears today. 

From the data currently available, histoplasmosis would appear to be pri- 
marily a disease of the Americas. It may also exist in endemic form, though 
presumably at a much lower prevalence, in some parts of Africa and south- 
eastern Asia. There is little indication of the existence of infection with Histo- 
plasma in Europe, the eastern Mediterranean, and those parts of Asia from 
which information is accessible. 
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VECTOR OF DIENTAMOEBA FRAGILIS 
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Although Dientamoeba fragilis was described nearly 40 years ago (Jepps and 
Dobell, 1918), three major problems concerning this species have not been 
solved, namely, its pathogenicity, its mode of transmission and its relationship to 
the other parasitic amebae. The presence of various clinical symptoms in many 
patients had pointed to a possible pathogenic réle and this was confirmed in two 
recent papers (Burrows et al., 1954; Swerdlow and Burrows, 1955). In each of the 
22 appendices harboring D. fragilis, 15 of which were reported previously (Swerd- 
low and Burrows, 1955) and seven others found later, the amebae were found to 
have ingested blood cells and a pathologic condition, fibrosis of the appendiceal 
wall, was present. In a larger number of appendices containing other parasites 
and not D. fragilis, fibrosis occurred in relatively few. 

Of the 22 appendices harboring D. fragilis, 12 were found to contain adults 
and/or eggs of the pinworm, Enterobius vermicularis. As the incidence of Entero- 
bius in the 1518 appendices was 2.90 per cent and of Dientamoeba, 1.45 per cent, 
the theoretical incidence of the two occurring together should have been 0.04 
per cent, which is obtained by multiplying the incidences of the two species. 
However, the actual incidence of the two species together was 0.79 per cent, or 
20 times the expected incidence. 

Although the incidences of both Enterobius and Dientamoeba are higher in 
institutional groups than in the general population (Craig and Faust, 1951, 
p. 122, 373), we were not dealing with an institutional group. The appendices 
received by the Sixth Army Area Medical Laboratory are from approximately 
40 Army and Air Force stations within this Army Area and are from dependents 
as well as from military personnel. The 22 appendices in which D. fragilis oc- 
curred were from four Army and nine Air Force installations. They were re- 
moved from three Army and one Air Force personnel and from 17 dependents 
(eight wives and nine children). Thus it is evident that we were not dealing with 
a homogeneous nor an institutional group. 

It is well known that certain species of parasites are frequently associated in 
stool specimens, such as, Ascaris lumbricoides with Trichuris trichiura and Ent- 
amoeba coli with Endolimax nana. In a search of literature and in a review of 
available records of about 15,000 persons examined by one of us (R. B. B.) the 
simultaneous occurrence of one or the other of the above pairs of infections was 
found to appear in two to three times the theoretical expectation of pairing. In 
these infections a logical explanation is furnished by their life histories. The eggs 
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of both A. lumbricoides and T. trichiura can develop to the infective stage in the 


same type of soil and, as a result, both infections can be acquired at the same 


time and in the same manner. /. coli and E. nana have a comparable stage outside 


the body and a similar mode of transmission. On the other hand, no similarity in 
the life histories of D. fragilis and E. vermicularis has ever been demonstrated, 
yet they were paired 20 times, not Just two or three times, the theoretically 
expected number of patients. 

The above factors lead us to wonder if perhaps Enterobius might be a vector 
of D. fragilis. If so, then the egg of the pinworm must be the transmitting agent, 
inasmuch as the female worm frequently dies after depositing its eggs. Four 
worms which were recovered from one of the Dientamoeba-harboring appendices 
were sectioned, stained by the tergitol iron-hematoxylin method and examined 
for evidence of Dientamoeba within the worm. 

In a number of unsegmented eggs a small body, 2 to 3 uw in diameter, was 
found. These bodies were smaller than the egg nucleus, which ranged from about 
5to7 win diameter (lig. la, b). In some eggs a single body was found (lig. le, d), 
in others two (ig. le) and in an occasional egg as many as three were present 
(Fig. 1f). When two or more were present in a single egg, they were generally 


adjacent to each other, as though division had taken place within the egg. In 


Fic. 1. Dientamoeba fragilis (2) in eggs of Enterobius vermicularis. a. gg nucleus in 
upper left and ameba in lower right. b. Ameba below egg nucleus. c, d. Single ameba near 
lower center of each. e. Two amebae near center. f. Three amebae near the center and a 


part of the egg nucleus in upper center. X 2000 
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Fic. 2. Variations in the stru from pinworm eg 


gs. The 


irintions shown are discussed full 


one egg two were found together on one side of the egg and a third was present 
on the other side. In another egg two were present, but were located near Oppo 
site ends of the egy 

Some of the variations in shape and size of the bodies are shown in | ig. 2 
‘Thev were generally irregular in outline and showed ameboid characteristics 
Some had rather broad and slightly wavy pseudopodia (Tig. 2a, ¢), others showed 
almost flattened edges on the pseudopodia (I 1 2b Whereas some had no definite 
indications of pseudopodia (Fig. 2d, f Due to the fact that the material had 
been fixed in formalin, individual nuclear granules were not evident, as this 
fixative tends to clump granules in protozoan nuclei. In the majority of bodies 
the nucleus appeared to be a ring of chromatin (Fig. 2b, ¢, f, g). Some, however, 
showed an irregular shape (Fig. 2a, g), appeared solid (Fig. 2e), or as an incom 
plete ring (hig 2d). In some a nuclear membrane appeared to separate the 
nuclear chromatin from the cytoplasm (Fig. 2b, d-g), whereas it was not evident 
in others (lig. 2a, ¢). One body was found, which appeared to have two nuclei 
Fig. 2f), although they were dissimilar in appearance. Two adjacent bodies, 
with unlike nuclei, are shown in | ig. Zo The nuclei of these bodies resemble those 
found in D. fragilis from the lumen of formalin-fixed appendices, although most 
of the latter show two nuclei rather than a single one 

As there was a possibility that these bodies were normal constituents of the 
eggs, even though they were found in only about 30 per cent of the eggs, six 
worms were selected from a bottle in the laboratory, which contained pinworms 
from stools and appendices none known to have I een taken from cases harboring 
D. fragilis These were sectioned and stained in the same manner as the first 
group. The bodies found within the eggs of the first group were absent in the 
eggs of the second group, so lar as could be determined. Therefore, we believe 
these bodies to be small, uninucleate D. fragilis. 


\ thorough examination of the sections of pinworms used above and of pin 


worms in sections of other Dientamoeba-harboring appendices failed to reveal 
amebae in other organs of the worms. However, we had only formalin-preserved 
material available and formalin is a poor fixative for protozoa. As a result, we are 


unable to say whether the protozoa were ingested by the worm along with intes 
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tinal debris and then penetrated the tissues to the reproductive system or 
whether they entered the reproductive system directly from the outside. This 
phase we plan to investigate with material preserved in faster-acting fixatives. 

The presence of Dientamoeba and Enterobius together in 20 times as many ap- 
pendices as theoretically expected and the presence of small ameboid bodies in 
the eggs of Enterobius from Dientamoeba-harboring appendices appear to furnish 
evidence that this ameba is transmitted in the egg of a parasitic worm rather 
than in the manner of cyst-producing amebae. 

With this information a program of experimental transmission of D. fragilis 
through pinworm eggs was planned. It was to consist of obtaining EF. vermicularis 
eggs from patients who also harbored D. fragilis and culturing amebae from the 
eggs or larvae. Several difficulties have prevented completion of this phase, 
among which were the failure to get both anal swabs and fresh, soft stools from 
most patients; the failure to culture amebae from crushed or hatched eggs, which 
were usually few in number; and the failure to infect mice with amebae after 
feeding them pinworm eggs. 

During this program some indirect evidence appeared which gave further 
indication of the connection between the two species. On 18 January 1955 one of 
us (R. B. B.) had several mushy stools, some gas and abdominal discomfort. An 
examination of one of the stools revealed the presence of D. fragilis. No previous 
stool examination of the writer had shown this parasite and the last had been 
made on 6 December 1954. Records were then checked for the last stool of others 
examined at the Laboratory and which had contained D. fragilis and for the 
anal swabs examined and which had been positive for pinworm eggs. The last 
stool specimen seen, which contained Dientamoeba, had been on 4 October 1954. 
The last two positive anal swabs had been examined on 20 December 1954 and 
10 January 1955. 

Assuming that both infections were acquired at the same time, one being trans- 
mitted within the egg of the other, it should be possible to recover pinworm eggs 
from anal swabs. If accidental ingestion of eggs occurred on 10 January, pinworm 
eggs should appear on swabs between the fifteenth and twenty-eighth days 
(Faust, 1949, p. 460), or between 25 January and 7 February. Beginning on 19 
January, the day after the discovery of the Dientamoeba infection, the writer 
made anal swabs each morning upon first arising. No swab showed pinworm eggs 
until the one made on 29 January, which was the nineteenth day after handling 
an anal swab containing pinworm eggs. 

Had the pinworm infection been obtained from a positive swab handled on 
20 December, it should have been possible to find eggs on the first few swabs 
made, as the egg-laying stage of the pinworm would have been reached by 17 
January at the latest. However, eggs were found only within the normal egg- 
laying period following 10 January. 

D. fragilis, which apparently was acquired on 10 January, had multiplied 
sufficiently by 18 January to cause looser stools, several bowel movements daily 
and occasional abdominal discomfort. The first stool examined on 18 January 
revealed only five Dientamoeba per 100 high power fields. By 22 January the 
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number had increased to 132 per 100 h.p.f. The organisms then decreased to 21 
per 100 h.p.f. on 28 January, increased to 325 per 100 h.p.f. on 1 February and 
decreased again to 24 per 100 h.p.f. on 9 February. It continued to go through 
cycles, reaching peaks at periods varying from one to two weeks. Generally when 
the amebae were most abundant, two or more mushy stools per day and some 
abdominal fullness, discomfort or gas formation were present. These symptoms 
are frequently associated with D. fragilis infections, as pointed out in a previous 
paper (Burrows ef al., 1954). 

The writer was unable to obtain evidence of the presence of D. fragilis in the 
child whose anal swab was examined on 10 January. On 13 January a stool speci- 
men was received from the child, but the specimen was over 24 hours old and had 
partially dried up. The next day the child was released from Letterman Army 
Hospital and efforts to obtain additional stool specimens through cooperation of 
parents were unsuccessful. 

Efforts to transmit D. fragilis orally had met with failure. Dobell (1940) at- 
tempted to infect himself and two macaques with material from cultures and was 
unsuccessful. Regandanz (1929) attempted to infect eight rats rectally with 
cultures and found that six were consistently negative. Two rats passed D. fragilis 
after infection, one for as long as 15 days, but neither rat obtained a permanent 
infection. 

During his extensive studies of Dientamoeba, Dobell (1940) noted that there 
were many similarities between D. fragilis and Histomonas meleagridis, the 
flagellate which causes blackhead in turkeys. Histomonas has been studied at 
length by Tyzzer (1934), Bishop (1938) and others and some of the figures of 
Histomonas, as shown by these workers, could be mistaken for Dientamoeba, 
except for the presence of a flagellum. And as Histomonas sometimes loses its 
flagellum before division (Bishop, 1938), the resemblance is even greater. 

Dobell (1940) concluded from his observations that D. fragilis is actually an 
aberrant flagellate which resembles Histomonas more closely than it does other 
amebae. The similarities pointed out by Dobell were: (a) both grow on the same 
culture media; (b) both ingest blood cells in culture; (c) the nuclei of both 
resting and division stages are similar in the two species; (d) there is a prominent 
centrodesmus (or centrodesmose) during division of each species; and (e) some 
stages of Histomonas could be taken easily for Dientamoeba, except for the 
presence of flagella. 

Wenrich (1944) added two more similarities to those given by Dobell: (a) the 
presence of a deeply staining area between the endosarec and the ectosarc; and 
(b) the formation of a tube-like extension in some of the individuals. He stated 
also that another flagellate characteristic of D. fragilis is the presence of chromo- 
somal fibers in the interphase and prophase nuclei. 

As a result of his failure to infect himself and two macaques with Dientamoeba 
from cultures and his recognition of similarities between Dientamoeba and Histo- 
monas, Dobell offered the hypothesis that perhaps D. fragilis is transmitted from 
man to man in the egg of a nematode, such as Ascaris or Trichuris, for Graybill 
and Smith (1920) had demonstrated that Histomonas is transmitted in the egg 
of the poultry roundworm, Heterakis gallinae. 
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The hypothesis advanced by Dobell apparently is correct as to the mode of 
transmission, but he failed to select the most logical species as the vector. Both 
Ascaris and Trichuris are scarce in cooler areas and practically absent in cold 
climates (Faust, 1949, p. 374; Brumpt, 1949, p. 840). Enterobius, however, is 
worldwide in distribution, often showing higher percentages of infection in 
Temperate or Arctic regions than in the Tropics. Hitchcock (1950) found an 
incidence of 58 per cent in Eskimoes of Alaska. The lower incidence in some parts 
of the Tropics appears to be due mainly to the absence of clothes in many 
children (Faust, 1949, p. 457). Dientamoeba fragilis has been reported from most 
areas of the world where careful surveys have been conducted and has been found 
in colder regions where Ascaris and Trichuris infections are absent or rare, such 
as 2.9 per cent in Alberta, Canada (Saunders, 1949), 7.7 per cent in Oslo, Norway 
(Bge, 1943) and 23.9 per cent in a mental hospital in Sweden (Svensson, 1928). 

After Dobell had suggested Ascaris or Trichuris as likely vectors, he admitted 
that the Dientamoeba infection acquired by Dr. Svensson complicated his theory. 
While conducting her studies on intestinal protozoa of mental patients in Sweden 
and in spite of careful technic, Svensson acquired a D. fragilis infection and 
could find no other parasites in her stools. In a review of Svensson’s papers of 
this period (Svensson, 1928; Svensson and Linders, 1934; Svensson, 1935) no 
evidence could be found of anal swabs being examined from any patient. She re- 
ported no worm infections in these patients, as she was interested only in pro- 
tozoa. It is our opinion that during her studies she acquired both D. fragilis and 
E. vermicularis infections and that had she made anal swabs on herself, she would 
have recovered pinworm eggs. 

As Enterobius is more prevalent in Caucasians than in Negroes (Cram, 1940), 
one of us (R. B. B.) rechecked some unpublished records to determine the inci- 
dence of D. fragilis in the two races. From 1946 to 1949, patients admitted for the 
first time to the South Carolina State Hospital were examined for intestinal 
parasites within a few days of admission. Most of the white patients were exam- 
ined, but stool specimens were received from only about one-fourth of the 
Negroes. Of the 2339 white patients examined, 45 (or 1.9 per cent) showed 
D. fragilis, whereas this species was not found in a single one of the 418 Negroes 
examined. On the other hand, had Ascaris or Trichuris been the vector of Dient- 
amoeba, it should have been more prevalent in Negroes, who had an incidence of 
1.9 per cent for Ascaris and 1.0 per cent for Trichuris, in contrast to the white 
patients who showed only 0.2 per cent for each infection. Anal swabs were not 
made on any of these patients and only one stool specimen from each was ex- 
amined. 

To the similarities between Dientamoeba and Histomonas, which Dobell (1940) 
and Wenrich (1944) have advanced, we should like to add the following: (a) 
neither species forms cysts; (b) each is pathogenic to its host, though to varying 
degrees; (c) each is transmitted in the egg of a species of roundworm; (d) each 
ingests blood cells within the host as well as in cultures; (e) each shows a lag 
phase of about 24 hours in multiplying in cultures (Tyzzer, 1934; Brug, 1938); 
and (f) Dientamoeba resembles flagellates in that its nuclei do not stain with 
Quensel’s stain as do nuclei of other amebae. 
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The various similarities between Dientamoeba and Histomonas, as enumerated 
by Dobell, Wenrich and the present writers, point to the fact that D. fragilis is 
more closely related to flagellates than to amebae, even though no flagella have 
been demonstrated. The centrodesmus is definitely a characteristic of dividing 
flagellates rather than of amebae and it exists in Dientamoeba even though no 
evidence of a blepharoplast or flagellum has been found. It appears logical to 
assume that Dientamoeba is an aberrant flagellate which lost the blepharoplast 
and flagellum, but retained other features of the family Mastigamoebidae, which 
contains those flagellates possessing both flagella and pseudopodia. Whether 
Dientamoeba develops a flagellum during its stay in the pinworm may be deter- 
mined in later studies. 


SUMMARY AND CONCLUSIONS 


1. As Dientamoeba fragilis and Enterobius vermicularis occurred together in 
20 times as many appendices as theoretically expected, it indicated some con- 
nection between the two species. 

2. Sections of pinworms from a Dientamoeba-harboring appendix revealed the 
presence in many eggs of small, ameboid, uninucleate organisms, whose nuclei 
greatly resembled those found in uni- and binucleate D. fragilis from the lumen 
of formalin-fixed appendices. These bodies were not found in pinworm eggs from 
cases not known to harbor D. fragilis. Therefore, the pinworm appears to be a 
vector of D. fragilis. 

3. Indirect evidence of transmission of D. fragilis in pinworm eggs is presented, 
but efforts to culture the ameba from eggs have not yet been successful. 

4. Further evidence linking Dientamoeba with Histomonas meleagridis, the 
flagellate which causes blackhead in turkeys, is presented. This tends to confirm 
Dobell’s hypothesis that D. fragilis is actually an aberrant flagellate rather than 
a true ameba and that its present classification is an error. 
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A SURVEY OF HUMAN INTESTINAL PARASITES IN A FISHING 
VILLAGE OF NORTHERN EGYPT! 


WILLIAM H. WELLS? anp WILSON BLAGG 


Department of Parasitology, U.S. Naval Medical Research Unit No. 8, Cairo, Egypt 


During the summer of 1954, while carrying on a survey to determine the 
incidence of the intestinal trematode Heterophyes heterophyes among Egyptians, 
a number of remote or relatively isolated fishing villages in northern Egypt were 
visited. One such village was Baltim, which lies on the northeast shore of 
Lake Burullus in Fouadiya Province. Since a review of the literature prior to our 
visit to Baltim in September revealed that this area had not been included in a 
number of previous surveys of the intestinal parasites of the people inhabiting 
the northern Delta, we were prompted to record the incidence of the other 
parasites in addition to our primary interest. 


MATERIALS AND METHODS 


The collection of stool specimens from 367 children was carried out at the 
school building. Pertinent data, such as age, sex, etc., were recorded at the time 
the child submitted the specimen. All of the children examined were between the 
ages of 8 and 12 years, with about an equal number of girls and boys. 

Upon receipt of the individual specimens, a portion of the fresh fecal material 
was fixed by the MIF method (Sapero and Lawless, 1953) for later examination 
in our laboratory at Cairo. All specimens were examined employing the recently 


developed MIFC technic (Blagg ef al., 1955). This technic, which utilizes the 
principle of sedimentation, has shown improved diagnostic accuracy for both 
intestinal protozoa and helminth eggs and we have found it to be of special value 
for the demonstration of Schistosoma and Heterophyes eggs in feces. 


FINDINGS 

The findings of this survey are based upon a single fecal examination, therefore 
the true incidence of the various parasites is greater than the figures given in 
Table 1. A total of 21 species of protozoa and helminths were recorded from the 
367 individuals examined. We failed to find protozoa in 45 specimens and no 
helminth eggs were found in 43, with only 4 specimens reported as negative for 
both protozoa and helminths. 

Intestinal protozoa. Of the children examined, 49 per cent were found infected 
with Entamoeba histolytica; 20 per cent with the large race, 25 per cent with the 
small race, and both large and small races being recorded from 4 per cent of the 
stools examined. 


1 The opinions or assertions contained herein are the private ones of the authors and are 
not to be construed as official or reflecting the views of the Navy Department or the naval 
service at large. 

The authors are indebted to B. H. Randall, E. L. Schloegel, Noshy S. Mansour and Said 
K. Mohamed of the Department of Parasitology for technical assistance in the collection 
and examination of specimens. 

? Lt. William H. Wells, EST School, U. 8S. Naval Hospital, Oakland, Calif. 
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TABLE 1 


Percentage of children infected with intestinal protozoa and helminth parasites (Based on a 
single stool examination) 





Protozoa 


* 


Entamoeba histolytica (Large race) 

Entamoeba histolytica (Small race) 

Entamoeba histolytica (Both large & small race) 
Entamoeba coli 

Endolimax nana 

Dientamoeba fragilis 

lodamoeba biitschlii 

Chilomastiz mesnili 


B-FSnaR8 


Enteromonas hominis 
Giardia lamblia 
Trichomonas hominis 


_ 
won © 


Helminths 
Ascaris lumbricoides 
Ancylostoma duodenale 
Enterobius vermicularis 
Strongyloides stercoralis 
Trichuris trichiura 
Trichostrongylus 
Heterophyes heterophyes 
Schistosoma haematobium. . 
Schistosoma mansoni. . 
Hymenolepis diminuta 
Hymenolepis nana 
Taenia 





* Values given as nearest whole number. 


Entamoeba coli was the most common of the intestinal protozoa recorded, with 
an incidence of 66 per cent. Endolimax nana was likewise prevalent, with an 
incidence of 54 per cent, while Jodamoeba biitschliit was found in 28 per cent and 
Dientamoeba fragilis in one per cent of the stools. Giardia lamblia was the most 
common of the intestinal flagellates, with an infection rate of 19 per cent. 

Helminths. Of the 12 species of helminths recorded, Ascaris lumbricoides was 
the most common, with an incidence of 50 per cent infection. This is a lower rate 
than would be expected, as it has been estimated that 80 per cent of the people 
of the Delta harbor Ascaris (Scott, 1939) with an even higher incidence among 
children. Sixteen per cent infection was recorded for both the hookworm, Ancylos- 
toma duodenale and the whipworm, Trichuris trichiura. We can offer no explana- 
tion for this reiatively high prevalence of Trichuris as compared with less than 
one per cent in certain rural villages in the Cairo area, where it appeared that con- 
ditions for its propagation were even more suitable. The presence of T'richo- 
strongylus in 4 per cent of the children is not surprising due to their close associa- 
tion with animals such as the camel and other herbivores, which serve as the 
reservoirs of this worm. Although the eggs of Enterobius vermicularis were ob- 
served in 2 per cent of the fecal specimens, this is no indication of the true 
incidence, as the examination of feces is unsuited for determining the incidence 
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of this helminth. Since eggs of Enterobius are present in the stools of not more 
than 5 per cent of infected individuals (Craig & Faust, 1951), special techniques 
using perianal swabs are necessary. The rhabditoid larvae of Strongyloides 
stercoralis were found in 2 per cent of the stools. 

Of the three species of cestodes recorded, Hymenolepis nana was the most 
prevalent, with 15 per cent of the specimens positive for the eggs of that tape- 
worm, while eggs of Hymenolepis diminuta were found in 2 per cent of the stools, 
although infection with this parasite is usually considered rare among Egyptians 
(Nor El Din & Baz, 1949). The eggs of Taenia were recorded from two individuals 
and it is probably safe to assume that they were Taenia saginata, as no pigs are 
raised in this area nor is pork eaten by the people. 

An infection rate of 36 per cent with the small intestinal trematode Heterophyes 
heterophyes is understandable in view of the fact that mullet and other fishes, the 
source of human infection, serve as a principal food for the people in the area. 
Khalil (1933) reported an even higher incidence at Mataria on Lake Manzala, 
where 53 out of 60 school children were found infected. The eggs of Schistosoma 
mansoni were found in 34 per cent of the stools. Although urine examinations 
were not made, the presence of Schistosoma haematobium eggs in the stools of 6 
per cent of the children suggests that this parasite is extremely prevalent. Since 
the irrigation canals in this isolated area are few in number and the source of 
fresh water is a single large canal which flows north from the Delta, it would 
appear that bilharziasis might be readily controlled if not completely eradicated 
with the use of molluscicides. Both the snail vectors, Biomphalaria boissyi and 
Bulinus truncatus, were collected from the one principal canal at the edge of the 
city. 

SUMMARY 


Twenty-one species of intestinal protozoa and helminths were recorded in the 
examination of single fecal specimens from 367 school children living in an iso- 
lated fishing village in northern Egypt. Entamoeba histolytica was found in 49 per 
cent of the children. Eggs of Schistosoma mansoni and Schistosoma haematobium 
were found in 34 per cent and 6 per cent respectively of the stools. The intestinal 
trematode Heterophyes heterophyes was a common parasite, with an incidence of 
36 per cent recorded. 
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THE FIRST CASE OF DIPYLIDIUM CANINUM FOUND 
AND IDENTIFIED IN A HUMAN BEING IN 
GUATEMALA 


HORACIO FIGUEROA M. ann FRANCISCO J. AGUILAR 
The ly ( of San Carlos Medical School, Guatemala, Guatemala 


This is the first case found in a human patient in Guatemala. When one de 
scribes a first case other investigators then find that the disease is more frequent 
than was supposed because attention is called to the disease and the practi- 
tioners become conscious of it. Such was the situation with Taenia imbricata, 
relapsing fever, histoplasmosis and other diseases which have been only recently 
found here but are now common and well known. 

In tapeworm infections we are familiar with the complaint of many patients 
that they involuntarily expel long chains of proglottids, called colloquially in 
Spanish ‘“‘azahares,”’ so when we hear about the expulsion of ‘tazahares”’ there 
immediately come to mind the two large, commonly known taenias: Taenia 
solium and Taenia saginata. This was a possible diagnosis for our little female 
patient whose mother consulted another doctor unfamiliar with Dipylidium 
caninum, 

Instead of follow ing the doctor’s prescription the mother brought the patient 
to us and we made a stool examination in which we found only eggs of Ascaris 
lumbricoides and Trichuris trichiura. But as the mother told us that her little 
daughter expelled many “‘azahares’”’ and never ate meat, we presumed it might 
be a new kind of Taenia or that the mother was mistaken. The case was that 
of a female patient three years old, coming from the City of Kscuintla, a very 
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ria. 1. One entire strobila of Dipylidium caninum, without scolex 
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Fig. 2. One proglottid of D. caninum showing typical bilateral genital pores 


Fig. 3. Seolex of D. caninum 
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hia. 4. A mother capsule of eggs of D. caninum. Note the membrane surrounding the 
entire pac ket 


warm place near the Pacific coast and about 42 kilometers from Guatemala 


City. She complained of anorexia and some minor intestinal disorders, espe- 


cially loose stools and sometimes “‘pain in the stomach”’. 

On the basis of laboratory findings we gave her 8 drops of oil of chenopodium 
and advised the mother to bring us in a jar in alcohol anything that she con- 
sidered to be a parasite and particularly any ‘‘azahares.’”’ Four days later she 
came to our office and put in our hands a jar containing one Ascaris lumbricoides 
and many small tapeworms that looked macroscopically like Dipylidium cani- 
num. We counted as many as twelve of these worms. The patient probably had 
been harboring many more. The largest was thirty centimeters long (Fig. 1). 

Figure 2 shows the two typical lateral genital pores of one proglottid, Figure 


3 is a scolex and Figure 4 is a typical mother capsule containing many eggs. 


SUMMARY 


The first human case of Dipylidium caninum in Guatemala is reported. Ap- 
parently oil of chenopodium was effective in expelling the worms. Now that 
this case is being reported, more are likely to be found. 





\ MODIFIED PRECIPITIN TECHNIQUE FOR DETERMINING 
THE SOURCE OF MOSQUITO BLOOD-MEALS 


JOSEPH H. SCHUBERT anp LILLIAN V. HOLDEMAN 


Public Health Se ice, Communicable Disease Cente Chamblee, Georgia 


\ knowledge of the feeding habits of mosquitoes is important in epidemio 


logic studies of their roles in the spread of diseases. The precipitin technique 


employed by Arnold ef al. (1946) permitted the simultaneous testing of the 
blood-meal against 5 antisera. Schubert and Kelley (1950) suggested a number 
f modifications but some disadvantages remained: 1) the relatively large 
capillary tubes had to be washed before use; 2) commensurately large amounts 
ol antiserum were required ; and 3) the antisera became diluted as a result. of 
adherence of the specimen suspension to the outer surface of the tubes. The 
modifications presented below offer numerous advantages. The method is less 
expensive because the tubes need not be washed but are discarded after use; 
smaller amounts of antisera are required; the precipitin reaction is sharper and 
more reliable; and antisera are less likely to become contaminated with excess 
antigen. 

Preparation of antisera, Antisera are prepared by immunizing rabbits with 
normal sera from various species of birds and mammals. Intravenous injections 
of 0.5. 1.0, 2.0, and 3.0 ml. of specific serum are given at four-day intervals: 
six days after the last inoculation a small amount of blood is drawn from the 
ear and titered against the homologous antigen. The immunized rabbit is bled 
from the heart if a satisfactory titer is attained, otherwise the animal is de 
sensitized by a subcutaneous inoculation of O.1 ml. of the specific serum fol 
lowed 30 minutes later by an intravenous “booster shot’’ of 0.5 ml. of 
Merthiolate (1:10,000) is added to the serum or antiserum as 


serum 
a preservative ; 
any that become cloudy on storage are clarified hy Seitz filtration. 

Rabbits can be used for one additional bleeding, repeating the immunization 
procedure. More than two immunization series are undesirable because there 
after antibodies develop which react with heterologous sera 

Titration of antiserum. Two-fold dilutions of each antiserum (to 1:16) are 
made in glycerinated saline and tested against both homologous and heterolo 
gous normal sera (diluted 1:500) in physiological saline. The highest dilution of 
antiserum which shows a fleecy-white precipitate at the interface of the two 
reagents 1s used in the mosquito testing procedures, proy ided no cross reactions 
with heterologous sera are observed (Schubert ef al., 1950). 

Pre paration of mosquito s. Individual mosquitoes, altel collection, are crushed 
and folded in one-inch filter paper (Whatman #3) squares and mailed to the 
laboratory. The blood-stained portions, including the crushed mosquito, are 
removed with a paper punch (Schubert ef al., 1950) and placed into 15 x 85 mm 
test tubes, and 0.5 ml. of physiological saline is pipetted into each tube. The 
tubes are agitated several times during the next 30 minutes to provide a uni 


lorm suspension 
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Technique of the test. The mosquito extract suspension is first drawn by capil- 


larity into the tube! followed by the drawing up of the antiserum diluted to 


titer in glycerinated saline. The entire column should be approximately one- 
inch in length. The index finger is applied to the tip of the tube to prevent 
leakage while the excess reagent is wiped off with absorbent tissue. The tube is 
tilted until the liquid is centered and then stubbed in an upright position into 
plasticine. A more distinct reaction is observed if there is an air space between 
the mixture and the plasticine. In a positive reaction a cloudy area appears at 
the antigen-antiserum interface within one hour after mixing. The precipitate 
settles as an : ‘gate clump when held overnight at room temperature. 


Experimental observations. The above technique has been used to test 234 


Culex tarsalis mosquitoes mailed to this laboratory from Greeley, Colorado. 
The results indicated that 228 mosquitoes had fed on passerine birds (as tested 
with a magpie antiserum), none on gallinaceous birds (chicken antiserum), 4 
on cattle, 2 on horses, and none on humans or swine. The results suggest con- 
siderable specificity in that no cross reactions between magpie and chicken 
antiserum were observed. It is suggested further that a variety of antisera from 
representative groups of birds, as well as from different mammals, be prepared 
lor mosquito bhlood-meal testing by this method. 


SUMMARY 
The above method has been found to be more reliable than the ‘capillary 
holder” precipitin technique. Contamination of antisera with antigen was rare 
because any excess mosquito blood-meal suspension could be wiped off easily 
with absorbent tissue. Less antiserum was required because of the smaller 
diameter of the capillary tubes and considerable saving in time resulted from 


the use of tubes which could be discarded after use. 


REFERENCES 
ArRNoLD, Ee. HL, Simmons, 8S. W., ann Faweerr, D. G., 1946. Precipitin technique for 
determining mosquito blood meals, Pub. Health Rep. 61: 1244-1249 
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EVALUATION OF SODIUM-PENTACHLOROPHENATE AS A 
MOLLUSCICIDE IN| EGYPT 


ROBERT bk. KUNTZ? 
Vaval Medical School, Bethesda, Maryland 


The significance of snail killing agents has been recognized since molluscs were 
incriminated as the intermediate hosts of trematodes found in man and lower 


animals. However, the evaluation and development of chemicals which could be 


employed for control purposes have been disappointingly slow until the past 


decade. Unusual interest in the search for molluscicides has recently gained 
impetus as a result of the recognition of schistosomiasis as a snail transmitted, 
helminth disease of world wide concern and affecting millions of people. During 
the past few years numerous chemicals have been evaluated in the laboratory 
for their molluscicidal activities. Some of the more promising chemicals have 
been evaluated on a small or moderate scale in field test plots in the habitats of 
aquatic (Berry ef al., 1950; Dobrovolny and Barbosa, 1953; Vaughn ef al., 1954 
and amphibious (MeMullen ef a/., 1951; Hunter et al., 1952) species of snails 
Sodium-pentachlorophenate falls in the latter category. 

This compound was first tested for its snail-killing properties by MeMullen 
Ishii and Mitoma (1948) in Japan. It was one of several compounds selected and 
recommended for molluscicidal evaluation by Dr. John S. Harris of the Monsanto 
Chemical Company. Since that time the chemical under different proprietory 
names, e.g., Dowicide-G and Santobrite, has received considerable recognition 
as a molluscicide of promise. The present report describes the laboratory and 
field evaluation of this compound in Egypt 


MATERIALS AND METHODS 


Preliminary tests were run in the laboratory in 5-liter capacity mouse jars to 
determine roughly the ranges of concentration for subsequent tests in larger test 
tubs and in the field. Data upon which the present report is based were obtained 
from tests run in tubs outside the laboratory and in the irrigation systems neat 
Cairo. Numerous tests in this and other studies were made in the former, since 
such test containers allowed fairly accurate observation of the effects of test 
compounds upon snails in a habitat similar to that from which snails were taken 
in nature 

Biomphatlaria boissyi and Bulinus truncatus, the vectors of Schistosoma mansoni 


and S. haematobium, respectively, were dipped from irrigation and drainage 


The opinions or assertions cont iined herein are the private ones ol the author and are 
not to be construed as official or reflecting the views of the Navy Department or the naval 
service at large 

Investigation conducted while Head Department of Parasitology, U.S. Naval Medical 
Research Unit No. 3, Cairo, Egypt 

The author wishes to acknowledge the technical assistance of G. M. Malakatis, HM 
1/(, and B. H. Randall, HM, 1/C, U.S. Navy 
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canals. They were transferred to the laboratory and held 1 to 5 days in outdoor 
snail ponds to allow adjustment to the change in habitat and also to permit 
elimination of snails which were diseased, injured or otherwise considered un- 
desirable as test animals. Snail storage ponds were provided with Nile mud and 
plants from the habitats in which snails were obtained. Introduction of Elodea 
provided an additional and dependable source of acceptable food. 

Six discarded porcelain bath tubs (250-300 liters capacity) sunk into the 
ground allowed five tests and a control to be run at one time. Test tubs were ex- 
posed to the daily fluctuations of meteorological conditions, except during the 
summer months (June-September), when they were protected from direct ex- 
posure to the sun by a plant fiber mat placed 7 feet overhead. Each tub was pro- 
vided with a tap water inlet and a drainage outlet to allow easy filling, cleaning 
and emptying. After filling the tubs with water, sufficient Nile mud was added to 
form a 3-inch layer on the bottom. Pondweed (Potamogeton), duckweed (Lemna), 
Elodea and other aquatic plants were transferred from stock ponds to test tubs. 
Water stood for several hours to allow settling and partial clearing before snails 
were introduced. Fifty Biomphalaria and Bulinus of uniform size were trans- 
ferred from storage ponds to test tubs 8 to 24 hours prior to beginning of test. 

The quantity of sodium-pentachlorophenate necessary for each test was de- 
termined on a weight/volume basis. Dry powder or crushed pellets were dis- 
solved in one liter of warm water which was added to the water of the test tubs. 
Water temperatures were read four times daily and maximum and minimum 
readings were recorded. 

Snails were exposed for 24 hours or as the schedule of tests dictated. At the 
end of the exposure period the water was carefully drained through a wire strainer 
in the tub outlet. Snails from the strainer and those picked from the mud or 
plants were rinsed several times, then placed in 5-liter jars with aerated pond 
water for observation. Snail reactions and deaths were recorded immediately 
after, and usually at 12, 24 and 48 hours after termination of the test. In tests 
demonstrating the relationship of the length of exposure to molluscicidal ac- 
tivity, 80 to 100 snails were placed in the tubs at the beginning of the test. At 
intervals of 3, 6, 12 and 24 hours snails were picked at random from treated water 
and then were transferred to observation containers. In the case of residual tests, 
tubs were set up in the usual manner but were not drained at the end of the 24 
hours exposure period. Snails were carefully removed from the surface of mud 
and plants at the bottom of the tub, then the entire setup with plants, etc., was 
allowed to stand unmolested for a series of tests, some of which were made 16 
days after introduction of the test chemical. 

Eggs of Biomphalaria with embryos in different stages of development were 
used for ovicidal evaluation. Clutches of eggs which had been deposited on the 
small leaves of Elodea in stock snail ponds allowed easy counting and handling 
and the embryos could be quickly examined under a dissecting microscope. 
Several hundreds of clutches of eggs were used in each series of tests. Elodea 
with attached egg masses was placed in open 8-inch petri dishes which were held 
on supports 2 to 4 inches below the surface of the water. After a 24 hour exposure 
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Elodea and treated eggs were tcansferred to mouse jars provided with Nile mud, 
aerated water and aquatic plants. Observations were made micro- and macro- 
scopically at 1 to 3-day intervals for two weeks to study the effects of the toxicant 
upon eggs and to record the hatching. Controls were maintained for each series 
of tests. 

Field tests were conducted in essentially the same manner as in earlier mol- 
luscicidal evaluation studies (Kuntz and Wells, 1951) reported from this unit. 
Different types of habitats were chosen as test plots, i.e., still water in dead-end 
canals, running water of irrigation canals and sluggish water of drainage ditches 
which provided a maximum of protection for snails. During preliminary field 
work test plots in the latter type of habitat were formed by placing earthen dams 
across the canal. However, the majority of tests were run in open canals under 
conditions usually encountered in the course of routine snail-control operations. 
Test plots ranged from those measuring 14 to 1 meter in width by 6 to 25 centi- 
meters in depth and 20 to 60 meters in length, to some which were 7 meters wide, 
144 meters in depth and 300 to 450 meters in length. All plots were carefully 
surveyed prior to test to learn which species of snails were present and to de- 
termine the density of schistosome vectors. Several dips were made at 5 to 10 
meter intervals from both sides of test canals. A standard snail dipper with 6 
foot handle was employed for this purpose, i.e., a triangular dipper 44 meter 
across the front and covered with 12 to 16 mesh screen wire. Temperatures were 
recorded at the beginning and end, and during the tests when feasible. Water 
in test plots ranged in pH from 7.8 to 8.2. 

Tests were conducted in waters with a minimum of 3 to 6 snails per dip since 
previous experience had indicated that lower snail populations do not permit 
recovery of adequate numbers of test snails for evaluation purposes. Several 
methods were employed for application of sodium-pentachlorephenate during 
the preliminary testing. Use of the toxicant in the powder or pellet form was 
found unsatisfactory since even minute quantities in the air caused irritation 
to respiratory membranes and resulted in violent coughing and sneezing. Broad- 
cast of pellets was considered inadvisable since they sank into the muck and mud 
ot test plots and their effectiveness was greatly diminished. In several tests in 
which running waters were treated, pellets were suspended in cloth bags in the 


water. Sawdust and wood shavings saturated with an aqueous solution of the 
test compound provided an easy and inexpensive means of distributing the toxi- 
cant uniformly. Measured quantities of the compound were mixed with water in 
20-gallon capacity barrels, then sawdust was added and allowed to set several 
hours before being transported to the field. The saturated sawdust was broadcast 


by hand from the banks of test canals as described earlier in the evaluation of 
DCHP (dinitro-o-cyclohexylphenol) (Kuntz and Wells, 1951). Hands were pro- 
tected with rubber gloves. 

As in earlier work, snails were dipped from test waters at the end of 24 hours 
or at such intervals as the schedule of the test demanded. Attempts were made to 
dip snails from representative parts of each test plot. Snails were transmitted to 
the laboratory in containers with fresh water and plants. Each lot was retained 
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for several days to determine mortality rates and to allow observation of re- 
actions of snails that survived. In a few tests snails were exposed in cages to de- 
termine the effect of sodium-pentachlorophenate on a given sample of snails in 
confinement. Deaths among the latter more or less paralleled those among snails 
dipped from all parts of test plots, consequently this additional feature was con- 
sidered unnecessary. 

There is no satisfactory criterion for determination of the death point, es- 
pecially in tests involving large numbers of snails. Establishment of death is even 
more difficult if the toxicant is one which anesthetizes molluscs for several hours 
prior to death. In the present study snails were considered dead when they failed 
to respond to moderate probing with a blunt dissecting needle or the body re- 
mained deep within the shell after transfer to fresh water. Repeated observations 
have shown that snails which have been injured physically or by chemicals 
usually expose their bodies and become active within a few minutes after intro- 
duction into fresh, aerated water. 

The test material was obtained in pellet form from the Dow Chemical Com- 
pany of Midland, Michigan. It was designated as Dowicide-G with a minimum 
of 88 per cent active ingredient of which 75 per cent was sodium-pentachloro- 
phenate and approximately 13 per cent consisted of sodium salts of other chloro- 
phenols. 


RESULTS AND DISCUSSION 


At the time this study was begun (1951) there had been only limited work re- 
lating to sodium-pentachlorophenate as a snail killing agent for the aquatic 
vectors of schistosomiasis in the Americas (Nolan and Berry, 1949; Berry et al., 
1950) and Africa (Halawani et al., 1951). Earlier studies including that on the 
initial evaluation of sodium-pentachlorophenate dealt primarily with the effects 
of this toxicant upon the amphibious hosts of Schistosoma japonicum. A review 
of the literature describing the molluscicidal attributes of Dowicide-G and Santo- 
brite during the past four years reveals a rather wide range of results and evalua- 
tions. This, perhaps, is to be expected since tests have been conducted under 
a variety of conditions by different investigators employing a test chemical from 
different sources. Some investigations were based on laboratory tests alone while 
others were carried out only in the field. Observations reported here were made 
simultaneously in the field under conditions normally encountered in snail- 
control work and in test tubs which allowed control of the entire sample treated, 
under conditions approximating those of the natural habitat of Bulinus truncatus 
and Biomphalaria boissyi in Egypt. 

The molluscicidal efficacy of sodium-pentachlorophenate is indicated in Table 
1 which gives the results from a series of tub tests run at concentrations of 2 to 
15 p.p.m. (parts per million) and covering two seasonal cycles of temperature 
(winter and summer) over a period of two years. Molluscicidal activity in rela- 
tion to temperature is well illustrated since at lower concentrations of the test 
chemical the number of deaths during the summer months was almost twice that 
recorded in the tubs exposed to the lower temperatures of winter. In general, 
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Biomphalaria was more tolerant to sodium-pentachlorophenate than Bulinus. 
A species differential in relation to molluscicidal activity is to be expected and, 
as Newton and Haskins (1953) have demonstrated, may even be apparent among 
strains of a snail species, at least when tests are run under laboratory conditions. 
Although a majority of the schistosome vectors was killed at 6 and 10 p.p.m., 
these data indicate that this chemical probably should be applied at rates slightly 
in excess of 15 p.p.m. to insure absolute kill of snails the year round. 

Reactions of the snails to sodium-pentachlorophenate varied from test to 
test as well as with different lots of specimens and with the season, i.e., temper- 
ature. Some molluscs were semi-relaxed for several hours prior to death. The 
majority, however, withdrew into their shells and fell to the bottom of test tubs. 
During exposure and often in the following 24 hours observation period hemor- 
rhage was apparent macroscopically. As a rule, snails with obvious hemorrhage 
did not recover when placed in fresh, aerated water. Occasionally, two or three 
of a hundred snails, especially Biomphalaria, would crawl] upon the sides of the 
tub or on emergent vegetation to escape the toxicant. Only a few snails, usually 
Biomphalaria, appeared normal and moved about actively during the entire 
period of exposure. A number of the snails that survived treatment apparently 
were protected by mucus plugs or deposits in the aperture of the shell. As indi- 
cated in Tables 1, 2 and 4, the percentage mortality among snails usually in- 
creased by the end of the 48 hours observation period following exposure. 

A second series of tests gave an indication of the relationship of duration of 
exposure to molluscicidal activity (Table 2). Although an arbitrary contact 
period of 24 hours has been used as a standard in molluscicide evaluation studies, 
it is of interest to note the mortality resulting from shorter periods of exposure. 
This aspect of molluscicidal potentiality may be of practical concern in actual 
snail control since conditions may not permit the optimal exposure of 24 hours. 
Tests under controlled conditions indicated that snails received sufficient toxicant 
during the first few hours to affect and kill a number of snails. After an exposure 
of 6 hours to this toxicant at 6 p.p.m. the majority of Bulinus and Biomphalaria 
died within the following 12 to 24 hours. An exposure of 12 hours killed over 90 
per cent of the snails but a few continued to live, indicating that a maximum kill 
may not be realized until near the end of the 24 hours exposure period. 

One series of nine tests was planned to demonstrate the residual potentialities 
of sodium-pentachlorophenate in killing Bulinus and Biomphalaria since this 
feature may bear considerable weight in the evaluation of a molluscicide from 
the practical point of view. The results of tests made at three different concentra- 
tions are given in Table 3. Although there was a wide range in percentage mor- 
tality among snails exposed to the toxicant several days after the initial test, it 
will be noted that the residual toxicity dropped precipitously after the fourth 
day, except in the series in which snails were exposed to the chemical at the rate 
of 20 p.p.m. In the latter case all snails were killed as late as the seventh day and 
the majority died after 24 hours of exposure on the tenth and eleventh days after 
the beginning of tests during the season of higher temperatures, i.e., 28°-31°C. 
Specific reference is not made to controls in this or other tests since there were 
very few or no deaths in most cases. 
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TABLE 2 


Relationship of period of exposure to molluscicidal activity of sodium- 
pentachlorophenate at 6 p.p.m. 


Mortality (percentage) among exposed snails at different intervals 
—— after return to fresh water 
(hrs.) of nonsnasrenegusseniasiietenapusinennicinmammanasiengettatdiaitatettit 
contact with 12 hrs. 
molluscicide ’ 





24 hrs.! | 48 hrs. 





Range Mean Range Mean Range Mean 


Bulinus 54-90 79 81-100 89 84-100 91 
Biomphalaria 15-60 40 27-76 43 28-78 | 47 
Bulinus 81-100 93 91-100 96 | 94-100 | 

Biomphalaria 66-100 88 80-100 89 84-100 | 90 
Bulinus 96-100 96 -100 98 95-100 | 99 
Biomphalaria 85-100 96 89-100 95 92-100 97 
Bulinus 100 100 100 100 100 | 100 
Biomphalaria | 96-100 99 96-100 99 100 100 


' Same lot of snails examined at 12, 24 and 48 hours after removal from treated water in 
test tubs (data based upon series of 9 tests run at 27° to 29° C). 

2 Twenty snails picked at random and removed from same test tub 3, 6, 12 and 24 hours 
after introduction of toxicant at 6 p.p.m. 


Ovicidal tests were made during the early part of summer when there was an 
abundance of eggs laid by Biomphalaria. The majority of tests were run in the 
semi-balanced tub aquaria outside the laboratory. There was a series of 28 tests 
in which egg masses on Elodea were exposed to sodium-pentachlorophenate at 
2, 5 and 10 p.p.m. at moderate temperatures, i.e., 22°-26° C. At 2 p.p.m. up 
to 25 per cent of the eggs and embryos withstood exposure to the toxicant and 
the majority of these survived after hatching. Over 90 per cent of eggs exposed to 
the toxicant at 5 p.p.m. were killed during the exposure period or the day follow- 
ing. Although seemingly retarded in development, as many as 4 to 6 per cent of 
eggs hatched in some tubs. However, no more than a third of these survived. In 
several instances embryos escaped from the enclosing sheath of the egg masses 
but died during the next 24 to 48 hours. It is difficult to ascertain whether these 
deaths actually resulted from the earlier exposure to the test chemical. At 10 
p.p.m. over 97 per cent of eggs and embryos succumbed during the period of 
exposure or shortly thereafter. Approximately one per cent of 3,000 eggs and 
embryos hatched and survived, thus indicating the need for a concentration of 
more than 10 p.p.m. to assure absolute kill in the flowing and probably more 
turbid waters in nature. In the controls approximately 70 per cent of the eggs 
hatched and lived for 10 days, at which time the tests were terminated. 

Tests were run simultaneously in selected but representative habitats in the 
field and at the laboratory. Table 4 does not include all tests but gives the results 
of several tests demonstrating the range of mollusc mortality in plots treated with 
sodium-pentachlorophenate at 6, 8 and 10 p.p.m. In the majority of cases Bulinus 
appeared to be more vulnerable to the test compound than Biomphalaria. During 
the season when water temperatures were at their highest, i.e., 28°-30°C. (June 
September), in shallow canals all snails were killed at a concentration of 8 p.p.m. 
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TABLE 3 


Tests demonstrating the residual toxicity of sodium-pentachlorophenate in test tubs! 


First lot | 
| of snails Second lot of Third lot of Fourth lot of 
introduced! snails introduced | snails introduced snails introduced 
‘ into test into test tubs | into test tubs into test tubs 
Date on Tem- tubs | 
which test — | | 


. — eS ee 
began ture | 


aaa j : 

a Days | Mortality} Days | Mortality} Days | Mortality 
ja” | after from after from | after 
24 hours | Start 24 hrs. start 24 hrs. start | 24 hrs. 


| exposure | of test | exposure | of test | exposure | of test | exposure 


5 p.p.m. 


15 May 23-% Bulinus 100 3 
Biomphalaria 100 

18 May 23-% Bulinus 84 
Biomphalaria 76 

18;May 23-3 Bulinus 80 
Biomphalaria 76 

28 May 23-% Bulinus 94 
Biomphalaria 

28 May 23-2 Bulinus 
Biomphalaria 

10 June 23-29, Bulinus 
Biomphalaria 


18 May = Bulinus 
Biomphalaria 
18 May 23-28, Bulinus 
Biomphalaria 
28 May 23-2 Bulinus 
Biomphalaria 
28 May 23-' Bulinus 
Biomphalaria 
28 May 23-% Bulinus 
Biomphalaria 
10 June 23-29, Bulinus 
Biomphalaria 


28 May | 23-28, Bulinus ' 100 | 100 88 
Biomphalaria 100 | 100 74 | 

8 June 2 Bulinus 100 100 94 16 18 
Biomphalaria 100 100 82 4 

8 June | 23-30) Bulinus 100 100 92 16 24 
Biomphalaria 100 100 78 0 


! Test tubs of 250 to 300 liters capacity, exposed to metorological variations and provided 
with a floor of Nile mud plus aquatic vegetation. 

* Mortality expressed as percentage kill after snails had been exposed to molluscicide 
for 24 hours then maintained in fresh water for 24 hours. 

p.p.m.-- parts per million. 





ROBERT E, KUNTZ 


TABLE 4 


Sodium-pentachlorophenate applied in the field* 


Mortality (%) 
among snails 
dipped after 


ics t ] ai 
Characteristics of test plot Snails exposure of: 


| 24 hrs. | 48 hrs. 


6 p.p.m.** 


Aug-’52 Drainage canal: water flow, slow; moderate | Bulinus 
growths of grass, cattails and other aquatic plants; 
Temp. 27°-30°C; L-140 m. Av W-2.7 m. Av D-0.58 
m. 

Sep-’52 Drainage canal: water flow, sluggish; mod- | Bulinus 
erate growth of grass, cattail, duckweed and heavy | Biomphalaria | 93 
growths of green algae; Temp. 27°-29°C; L-74 m. 
Av W-2.1 m. Av D-0.49 m 

July-’53 Drainage canal: water flow, slow; heavy | Biomphalaria | 67 
growth of grass and algae and moderate quantity 
of putrefying vegetables; etc.; Temp. 28°-30°C; L- 
57 m. Av W-1.8 m. Av D-0.38 m. 


8 p.p.m. 


Sep-’52 Irrigation canal: water flow, slow; moderate | Biomphalaria 100 100 
growth of grasses and pondweed; Temp. 27°-29°C; | 
L-43 m. Av W-1.3 m. Av D-0.44 m. 

July-’53 Irrigation canal: water flow, slow; moderate | Biomphalaria | 
growth of grass with accumulations of putrefying | 
vegetables, ete. Temp. 23°-26°C; L-65 m. Av D 
0.29 m. Av W-1.2 m 


10 p.p.m. 


July-’53 Drainage canal: water flow, moderate; mod- | Biomphalaria | 52 
erate growth of grass, cattails, pondweed, duck- 
weed, etc. Temp. 26°-29°C; L-155 m. Av W-5.4 m. 
Av D-0.26 m. 
July-’53 Drainage canal: water flow, moderate; mod- | Bulinus 90 94 
erate; moderate growth of cattails, grass, pond- | Biomphalaria 83 
weed and masses of green algae; Temp. 26°-29°C; 
L-423 m. Av W-4.4 m. Av D-0.49 m 


* Sawdust and wood shavings saturated with sodium-pentachlorophenate solution and 
broadcast by hand. 

+ Parts per million on a weight/volume basis, as calculated on volume of standing water. 

lL, = length in meters Av W = average width Av D = average depth. 


However, the toxicant at 10 p.p.m. did not give absolute kill of snails in deeper 
and more protected waters. All Bulinus and Biomphalaria were killed in four 
tests where the molluscicide was applied at 15 p.p.m. in slowly flowing, deep water 
with considerable submergent and emergent vegetation. 

Observations on the residual effects of the test compound were made in sections 
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of canals in which there were moderate densities of snails above and below the 
test site. Numerous snails were killed downstream from test plots in which the 
test chemical was applied at 10 p.p.m. However, mortality rates dropped mark- 
edly, i.e., to from 25 to 40 per cent, one hundred meters beyond the test. site 
where over 90 per cent of the snails were killed. In several cases surveys made at 
4 to 6 day intervals indicated an increase in snails in treated plots within 15 days. 
These snails probably came from untreated parts of the canal upstream but their 
establishment in the previously treated section indicated a low grade or residual 
potential for this chemical. 

Two tests not indicated in Table 4 were conducted in irrigation canals approx- 
imately 3 meters in width and with a considerable flow of water. The mollusci- 
cide was applied at 10 p.p.m. The quantity used was based upon the volume 
of standing water in a 400 meter length of each canal plus the calculated vol- 
ume that would flow through the canal during a 12 hour period. The pellets 
were suspended in three muslin bags in water at the head of each ditch which 
took its supply from a larger irrigation canal. At the end of 24 hours approxi- 
mately 80 per cent of the Biomphalaria and over 90 per cent of the Bulinus were 
dead in both test sections. Over 60 per cent of the snails 200-300 meters below 
the test section were also killed. Both canals were observed for several weeks 
but at no time were snails entirely absent. Living snails were found at the rate 
of 1 or 2 per 10 dips, whereas prior to treatment there was a record of 3 snails 
per dip. As in tub tests some snails were alive at the end of 24 hours exposure 
period but a number of these died during the ensuing 24 hours. In the latter 
tests it seems likely that a larger part of the test compound was carried down 
the middle of the canal and failed to reach the protected margins. Probably the 
use of saturated sawdust would have been more effective under these circum- 
stances since this method allows for uniform distribution of toxicant to all parts 
of the canal and especially along margins with aquatic vegetation where snails 
and their eggs are found in greater numbers. 

Sodium-pentachlorophanate was very toxic to fishes even at 6 p.p.m. in open 
sections of irrigation systems. In water at the higher temperatures, bolti (Tilapia) 
and other centrarchid fishes were obviously affected 10 to 20 minutes after appli- 
cation of the toxicant. During each test a few fish actually leaped from the water 
onto the dry banks of the canal. Catfish were also affected but surfaced after 
the majority of other fishes had succumbed. No ill effects were reported by per- 
sons who collected and ate considerable quantities of the fish. Mortality of 
invertebrates other than molluscs was less apparent than in previous tests with 
DCHP (Kuntz and Wells, 1951). Some aquatic insects were killed in water 
treated at 15 p.p.m. but on no occasion was the arthropod population depleted. 
There was no serious damage to aquatic plants during the periods of tests. 

In the present evaluation of sodium-pentachlorophenate there was no attempt 
to eradicate vectors in a given area or part of an irrigation system. Tests were 
planned to allow evaluation of the toxicant as a molluscicide under seasonal 
conditions at the laboratory and in the field. Tests were not repeated in test 
plots to determine the effectiveness of subsequent applications of this chemical. 
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Results obtained from this study indicate the variable efficacy of sodium-penta- 
chlorophenate from test to test as well as variation in molluscicidal activity in 
relation to temperature and ecological circumstances. These findings more or 
less parallel those of other investigators (Dobrovolny and Barbosa, 1953; Hala- 
wani, 1954) who obtained excellent results with sodium-pentachlorophenate in 
some tests but not in others. However, the data obtained in this study in general 
indicate a lower molluscicidal and ovicidal activity than that reported in evalua- 
tion of the same chemical against Australorbis, the vector of schistosomiasis in 
the Americas (Berry et al., 1950; Vaughn et al., 1954). 

Certainly a comparison of the results obtained by different investigators in- 
dicates that efficient or satisfactory snail control with a given chemical depends 
in great part on factors such as geographical location, vector species, ecological 
or environmental circumstances (types of water in snail habitats, quantity of 
organic debris, mud deposits, turbidity of water treated, etc.) and the expecta- 
tions or standards of the user. If we accept the arbitrary standard used by 
Dobrovolny and Barbosa (1953) that a chemical is efficient for snail control if 
it reduces the snail population 90 per cent or more, it appears that sodium- 
pentachlorophenate should be applied in the irrigation systems of Egypt at 15 
to 20 p.p.m. to insure year round kill of most of the vectors of the schistosomiases. 
This concentration should be maintained for at least 12, and preferably 20 to 
24 hours. 


SUMMARY 


A series of tests in semi-balanced tub aquaria and in the field indicated that 
sodium-pentachlorophenate should be applied at 15 to 20 p.p.m. to assure year 
round efficient control of Biomphalaria and Bulinus in the irrigation waters of 
Egypt. Temperature is an important factor in snail control and exerts a great 
influence on the molluscicidal activity of this toxicant, especially when employed 
at concentrations of 2 to 10 p.p.m. The concentration of the snail-killing agent 
should be maintained for 12, and preferably 20 to 24 hours. The molluscicidal 
activity of the compound against Bulinus and Biomphalaria, and the eggs of the 
latter, in Egypt was lower than that reported for sodium-pentachlorophenate 
used with other species of schistosome vectors in different geographical localities 
and under different environmental circumstances. 
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A FIELD TECHNIQUE FOR QUANTITATIVE ESTIMATION OF THE 
MOLLUSCICIDE SODIUM PENTACHLOROPHENATE BASED ON 
FISH MORTALITY RALES 


JOHN W. KLOCK 
Communicable Disease Center, Public Health Service, Atlanta, Georgia 


As interest grows in schistosomiasis, ever increasing efforts are being exerted 
to solve both the epidemiologic and the control problems. At present, control 
measures are being undertaken in several forms, prominent among which is the 
destruction of the snail host by mollusciciding operations in streams and other 
water bodies harboring the vector. One of the commonly used molluscicides is 
sodium pentachlorophenate, which is applied as a water soluble agent. The use 
of this material, as with most molluscicides, requires that the rate of dosage be 
maintained within set limits. Deviation from these limits results in ineffective 
application. In many of the areas undertaking control programs, chemical means 
for quantitative determination of sodium pentachlorophenate are not satis- 
factory because such methods require personnel acquainted with chemical 
handling and preparation. In the case of the carbonate-methylene blue colori- 
metric test (Haskins, 1951), the standard must be renewed every week or two, 
requiring a sometimes difficult contact with facilities to make the necessary 
material. The following method is presented as a field technique requiring only 
personnel of limited training and materials generally available in the field for 
the quantitative determination of the compound, thus enabling field operators 
to obtain proper dosages and to evaluate effectively treated water courses and 
impoundments. 


METHOD 


This determination of sodium pentachlorophenate is obtained by comparing 
mortality rates of fish! found in natural water containing an unknown concen- 
tration of the material with a series of mortality curves, each representing a 
known concentration of the molluscicide. 

Use of the procedure first requires the development of standard mortality 
curves. This is accomplished by exposing groups of 30 to 50 guppies to one-liter 
portions of natural water containing a specific quantity of active molluscicide. 
The dosage levels found to be best suited, considering the method limitations 
and field mollusciciding practices, are: 2, 4, 8, 15, and 25 ppm. In developing the 
technique, mortality determinations were obtained at levels as high as 1,000 
ppm., but it was not considered necessary to go higher than 25 ppm. in evaluat- 
ing the method, since most mollusciciding is done presently at concentrations 
below this figure. When standard curve determinations are being obtained, use 
of the following time intervals will produce well defined curves: 60 min. at 2 


ppm.; 30 min. at 4 ppm.; 10 min. at 8 ppm.; 5 min. at 15 ppm., and 3 min. at 


! Tests are based on use of the common guppy, Lebistes reticulatus. 
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25 ppm. In the cases of the 2- and 4-ppm. levels, mortality counts can be ter- 
minated at 5 hours, if 95 to 100 per cent mortality has not been obtained first. 
From five to ten runs should be completed for each dosage level. The mortality 
data for each dosage are then averaged for each interval and plotted as mor- 
tality, in per cent, versus time, in minutes, and are placed on rectilinear or 
semilogarithmic graph paper. Figure 1 represents a group of standard curves 
plotted on semilogarithmic graph paper. If the dosage rates to be used during 
the mollusciciding operations are to be greater than 15 ppm., a more accurate 
and easily read form may be obtained with the use of logarithmic normal paper 
on which straight line representations of the curves will be obtained for the ele- 
vated dosage ranges. 

With the standard mortality curves plotted, the field determinations are made 
by using the procedure as outlined above, but substituting water recovered from 


TABLE 1 


Per cent mortality and total number of guppies exposed to sodium pentachlorophenate 





Dosage (ppm) 


Time ‘ . 
(Min.) Group I Group II 


g 


330 

360' — 

390; — - | — 
1440| — | — | — | 





(*) \526 | 549 | 660 [415 |521 567 |649 |785 |489 | 349 [467 | 451 











(*) = Number of test fish for each dosage. 
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mollusciciding operations for the natural water containing a measured amount 
of sodium pentachlorophenate, and the following system for the mortality count 
intervals: for field work it is convenient to use one of two groups of intervals, 
depending on the suspected dosage level. A field operator will normally know 
in which range he should work. For dosages including 20 ppm. and up, a 5- 
minute interval should be used. For concentrations below 20 ppm., readings 
should be taken at 10-, 20-, 30-, 60-, 120-, and 180-minute intervals, continuing 
every 60 minutes for 5 hours, if 95 to 100 per cent mortality has not been achieved 
first. Generally, one run is sufficient for a field determination. The resulting 
mortality-time determinations are then compared with the standard curves 
and the concentration is evaluated. 


TABLE 2 
Mazimum variation of test replicates using the guppy indicator technique for quantitative 
measure of sodium pentachlorophenate 





Maximum variation (ppm., plus or minus) 





Group I Group II Group III 





0.5 0.5 5 
1 ‘ 


or or OO bo 


| I ee 





REPRESENTATIVE STANDARD CURVES (SEMI-LOGARITHMIC) FOR USE IN 
GUPPY INDICATOR TECHNIQUE AS DERIVED FROM GROUP 2 OF TABLE [1] 
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Discussion of basic studies. A group of 107 tests were first made repeating the 
same procedure. It was found that the fish must be recovered daily and used 
within two to three hours after capture. The water in which they are kept 
should be from the same stream in which the fish were found and held at the 
rate of about 20 per liter. It was further noted that feeding and water aeration 
had no noticeable effect on the results. 

Upon the completion of the first group, a second set of three groups totaling 
121 tests was undertaken to determine the best field operating procedure with 
regard to the reliability to be expected from this method and the limitations to 
be observed relating to fish. Table 1 is a summary of the mortality-time relation- 
ships of the three groups, including the total number of fish used for each dosage 
level. The first group was compiled from tests using fish and water from the same 
stream. The second group consisted of tests made with fish recovered from one 
stream and water taken from random streams. The third group consisted of fish 
and water taken simultaneously from different streams. 

Table 2 gives the reliability that can be expected from the different groups. 
Groups | and 2 appear to be quite similar, with variation being limited and well 
within the limits of present mollusciciding techniques. Results of group 3, con- 
taining tests made up of fish and water taken simultaneously from different 
streams, are somewhat inferior to those of groups 1 and 2, particularly above 
8 ppm. For field work the second group appears to be optimum. Figure 1 shows 
group 2 plotted as five standard curves. However, in operations where this mol- 
luscicide is being applied at rates between 2 and 5 ppm., the factors used in group 
3 should give results of sufficient accuracy to be useful. If the latter method is 
used, the standard mortality curves should be obtained with fish recovered from 
three different streams within the planned area of molluscicidal operations. 

Although no limits of operations were determined in these tests, fish recovered 
from distances up to 16 miles from the laboratory showed no apparent differences 
in reaction to the compound; thus, reliability of the test was not affected. It is 
expected that this method will be applicable using other molluscicides and test 
fish. 


SUMMARY 


Sodium pentachlorophenate can be quantitatively estimated in natural waiters 
by observing the mortality rate of the common guppy, Lebistes reticulatus. The 
test requires evaluation of mortality rate curves for specific dosages covering 
the range of conditions to be encountered in the field. Quantitative field deter- 
minations are obtained from a comparison of the unknown with the standard 
mortality curves. Use of this method gives reliable results necessary for effective 
mollusciciding operations. Materials required are those normally found in the 


field. 


REFERENCE 


1. Haskins, W. T., 1951. Colorimetric determination of microgram quantities of sodium 
and copper pentachlorophenates, Analytical Chem. 28: p. 1672. 





EFFECT OF THE SNAIL MARISA CORNUARIETIS ON 
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Department of Microbiology, University of Puerto Rico School of Medicine; and the U. S. 
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The fresh water mollusc, Marisa cornuarietis, was not found in Puerto Rico 
(van der Schalie, 1948; Berry, 1953) until September, 1952, when it was dis- 
covered in large numbers in a section of the San Anton Creek, a small stream 
east of the Rio Piedras. Fortunately this stream had been under close observation 
since 1947, in connection with studies on Schistosoma mansoni and its vector, 
Australorbis glabratus (Oliver-Gonzalez et al., 1950). A. glabratus had been con- 
sistently present in earlier studies except for a five-month period following sodium 
pentachlorophenate treatment (Berry et al., 1950). In the areas in which M. 
cornuarietis was discovered, A. glabratus had disappeared, suggesting a biological 
antagonism. This observation led to further work on the interrelationship of the 
two species and on the possible use of Marisa cornuarietis in the control of the 
vector for Schistosoma mansoni. 


METHODS OF STUDY AND RESULTS 


San Anton Creek originates near the San Juan Water Purification Plant, 12 
miles southeast of San Juan. It runs northward for about two miles, then east 
northeast, and continues northwest to empty into the San José salt water lake 
(Figure 1). The stream is approximately 6.3 miles in length and a small section 
of the upper third is bordered by a semirural community known as Los Peifias, 
with a population of approximately 700. The lower two-thirds generally runs 
through sugar cane fields and pasture. Pools, usually 12 to 15 feet long, 6 to 8 
feet wide and 10 feet in maximal depth, are numerous along the stream. Between 
the pools the stream runs fairly rapidly over stony riffles. Aquatic vegetation is 
dense in the quiet areas, consisting chiefly of algae and Compsopogan sp. Mem- 
bers of the genus Caladium grow extensively along the banks of the entire stream 
(Figure 2). 

As mentioned above, beginning in 1947 the section of the stream near Los 
Pefias came under close observation, in connection with a study of schistosomiasis 
and Australorbis. Four collecting stations were established on the easily accessible 
portion of the stream near the village and population densities of the snail vector 
were recorded (Stations 1, 2, 3, 4 in Figure 1). Densities were expressed in terms 
of the number of snails collected by one person in 10 minutes. Over the period 
from 1947 to 1950, the average count per station was 70 snails and only once was 


! Present address: Department of Medical Zoology, Army Medical Service Graduate 
School, Washington 12, D. C. 
2 Present address: Director of Experimental Medicine, Camp Detrick, Md. 
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rig. 3. Seetion of stream at Station | showing large numbers of Marisa and no Australorbis 


a station free of snails. It was apparent that the Austra/orbis population level 
Was reasonably uniform and that the colony was thriving (Table 1). 

In April, 1950, sodium pentachlorophenate, applied at various sites near the 
housing area (Berry ef al., 1950), eradicated Australorbis for a distance of four 
miles along the stream. However, in February of the following vear an average 
of 37 snails per station was noted. Collections made a year later showed a further 
increase, With an average of 74 snails per station. Despite this evidence of a 
flourishing colony, seven months later, when Marisa was first found, Austra- 
lorbis Was not present in this area and has not reappeared on subsequent sam- 
plings. Observations have been made at various times during the calendar year, 
eliminating any possible effect of seasonal fluctuations on population densities. 

This led to a survey of the remainder of the stream. It was found that the 
Varisa colony extended for some distance downstream below the point where 
the snail was originally discovered. As one approached the lower margin of the 
colony it was found that the population diminished in density and finally disap- 


peared. Australorbis was not found where Marisa was plentiful, but the species 


large numbers in other sections of the stream. Both species were 


Was present mn 
present in the intermediate zone where the population of the invading snail was 
sparse. In order to study the possible effect of the extension of the Marisa 
colony, three additional collecting stations were selected near this zone (5, 6, 7 in 
Figure 1). One station was located where both snails were present and the other 


two were downstream, where only Australorbis was found. A summary of the 
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TABLE: 2 
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Australorbis and Marisa colonies 
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1953 Ma 67-35% ISO. 65% 
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Palma Pond at low water level due to lack of rainfall 


| level rises vell above site of palm 


at these stations will be found in Table 2. Initially, 


population studies mac 
sv April, 1954, none could be found but 


{ustralorbis was present at all stations. | 


Varisa was plentiful 
In \pril, 1954. to accelerate the natural process, 15,000 specimens ot VWarisa 


were transplanted to three sites pots a band ¢ in Figure 1) in the lowest third 


of the stream, into areas observed to contain | glabratus The transplanted 


Varisa became well established in this area except for the terminal hundred feet 


hefore the stream emptied into the lagoon. All stations were re-examined in Feb 
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ruary 1955, together with other representative sections along the entire length 
of the stream. .Warisa was present but Australorbis was not found. In the neigh- 
boring streams and in one tributary of San Anton Creek, however, A ustralorbis 
was present in large numbers and Marisa was not found. 

Studies similar to those made at the San Anton Creek were conducted in a 
fresh water pond measuring about 300 feet long by 200 feet wide known as La 
Palma Pond, located about five miles northeast of Vega Alta (Figure 4). This 
pond lies in a limestone area and the presence of a large palm in it indicates that 
it is of relatively recent origin. The pond lies in a field formerly used for pastur- 
ing dairy cattle, but when these studies were started it was converted to sugar 
cane. There are no surface tributaries draining into the pond but after heavy 
rains it overflows at the lower end. An examination of the entire pond in June, 
1953, revealed that A ustralorbis was present and that the snails were particularly 
numerous around the margin. Approximately 2,000 adult .Varisa were introduced 
at this time. When the pond was checked in January, 1954, it appeared that the 
snail had not done well and it was thought that this habitat was not suitable for 
the species. Re-examination 19 months after the introduction of these snails dis- 
closed that Marisa was abundant and no Australorbis were found. 


DISCUSSION AND SUMMARY 


The origin and time of introduction of .Warisa into the San Anton Creek can- 
not be definitely established. This species is a popular aquarium snail and it is 
possible that this has facilitated its spread. It is known to be common in Brazil, 
northern South America and Central America (Baker, 1930). In recent years it 
has appeared in Cuba (Penalver, 1950) and the method of introduction is not 
known. 

The San Anton Creek apparently offered more or less ideal conditions for this 
snail. This, in addition to the possible lack of natural enemies, led to its almost 
explosive reproduction. This phenomenon coincided with the disappearance of 
Australorbis from this habitat but other factors may have played a part. As 
shown in Table 2, only small numbers of Marisa were present in the last collec- 
tions at Station 5, therefore, it is possible that the factors that caused this reduc- 
tion may have also affected the other species. At all other stations, however, 
large populations of Marisa were found. Observations made on La Palma Pond 
gave further support to the hypothesis that Marisa was actually the decisive 
factor that caused the disappearance of A ustralorbis. 

It remains to be seen whether Marisa will remain in the ascendancy in San 
Anton Creek and La Palma Pond, or if stabilization in a new environment will 
eventually lead to an adjustment whereby both species may survive in the same 
habitat. Any method that reduces the number of Australorbis may, however, 
place the population below the threshold necessary for maintaining the trans- 
mission of schistosomiasis. 

Laboratory and field observations on the feeding habits of .Warisa indicate 
that this snail is a voracious feeder. This suggests two factors that may have 
caused the reduction in the Australorbis population. First, it appeared possible 
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that this snail ingested the eggs of Australorbis that had been laid on the ve 


ge- 
tation. Secondly, the presence of a large number of Warisa has somewhat the 
sume effect as a vacuum cleaner and the reduction in population may be due to 
a serious depletion of the food supply. The findings of Chernin ef al., (1955) under 
laboratory conditions indicate that both of these factors probably play an im 
portant role. 

Australorbis was found to be plentiful in one small tributary of the creek under 
observation. The reason why Marisa did not invade this small stream may be 
due to size differences in the two species. The diameter of the adults of A ustralor 
bis from this stream is about 15 mm., as compared with about 60 mm. for the 
other species. The latter found ideal conditions in the main body of the stream 
but did not extend into the tributary. In many habitats where Australorbis is 
found in Puerto Rico, the water is often so shallow that the larger snail would 
not be able to remain submerged. This may be a limiting factor in the 
distribution of .Warisa. 

As far as is known JV. cornuarietis does not serve as a host that produces any 
of the cercariae of trematodes that would infect man or domestic animals. In 
our laboratory repeated exposure of this snail to the miracidia of S. mansoni 
failed to produce infection. Therefore, it is planned to introduce the species into 
other selected Australorbis habitats, under controlled conditions and where ade- 
quate ecological and population studies have been made. Under such conditions 
it should be possible to determine whether this species would be of use in the 
biological control of one of the vectors of S. mansont. 

The authors are grateful to Mr. Nelson Biaggi, from the Department of Pre- 
ventive Medicine and Public Health, School of Medicine-School of Tropical 
Medicine, for his cooperation during this study. Also to Dr. D. B. MeMullen, 
Department of Medical Zoology, Army Medical Service Graduate School, Wash- 
ington, D. C., for his revision of the manuscript 
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STUDIES ON THE BIOLOGICAL CONTROL OF 
SCHISTOSOME-BEARING SNAILS 


1. THe Conrrou or Australorbis glabratus PopULATIONS BY THE SNAIL, Marisa 
cornuarietis, UNDER LABORATORY CONDITIONS!” 


KLI CHERNIN, EDWARD H. MICHELSON, ann DONALD L. AUGUSTINE 


De partme nt oJ / opical Public He alth, Harvard School oj Public He alth, Boston, Vassachuselts 


Schistosomiasis constitutes a growing threat to the needs of expanding popula- 
tions in the tropics, particularly since present-day methods of control have not 
been notably successful in abating transmission. It is generally considered that 
the snail intermediate host is the most vulnerable element in the schistosome 
life-cycle in terms of realistic control, and consequently much effort has been 
directed toward the development of chemical molluscicides. However, the prac- 
tical shortcomings of these have emphasized the necessity for more comprehen- 
sive information regarding molluscan biology and bionomics and have spurred 
the search for other avenues of approach. The possibility of molluse control by 
biological means is one such approach, and represents an area of investigation 
hitherto ignored or given but cursory attention. 

This report is the first of a series which will deal with studies in the biological 
control’ of snails or with problems related to the control of snails by such means. 


BACKGROUND OF THE STUDY 


In September, 1953, Dr. Donald B. McMullen called our attention to certain 
field observations by Dr. José Oliver-Gonzalez suggesting that a recently intro- 
duced operculate snail, .arisa cornuarietis (Family PILIDAE (= AMPULARIIDAB)), 
might be responsible for the disappearance of A ustralorbis glabratus from a stream 
in Puerto Rico (Oliver-Gonzalez et al., 1956). Since laboratory studies relating 
to this complex were not in progress in Puerto Rico, Dr. McMullen suggested 
that our group investigate the mechanisms underlying the apparent cause- 
and-effect relationship observed by Oliver-Gonzalez. Accordingly, through the 
cooperation of Dr. Harold Harry and other members of the Army Tropical Re- 
search Medical Laboratory (P.R.), several lots of field-collected Marisa cor- 
nuarielis were sent by air to Boston and independent studies were begun in 
January, 1954 


This investigation was supported (in part) by a research grant (I-513-C) from the 
National Microbiological Institute of the National Institutes of Health, Public Health 
Service 

2? The W.H.O. Expert Committee on Bilharziasis has recently suggested (W.H.O. Techn. 
Rept. Ser. #90, 1954) that the genus Australorbis Pilsbry, 1934, be synonymized with and 
superseded by Biomphalaria Preston, 1910 

\ review of the literature bearing on the predators and parasites of snails will appear 
at a later date 


2907 
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MATERIALS AND METHODS 


\ colony of Australorbis glabratus was established from stocks of laboratory- 
reared snails of Puerto Rican origin supplied by Dr. Donald V. Moore of New 
York University and Dr. Redginal Hewitt of The Lederle Laboratories. The 
snails were maintained and all experiments were conducted in an air-conditioned 
aquarium room in which thermostatically-controlled, overhead, infra-red heat 
lamps provided a constant water temperature of about 76° F. The windows of 
the aquarium room were covered and ceiling-level fluorescent lights remained on 
at all times. The snails were reared in rectangular 3- or 10-gallon aquaria*t over 
a substrate of sand, potting soil, and marble chips, and the aquaria were con 
tinuously aerated from a filtered source. As observed by others, it was found that 
A. glabratus did not do well in freshly prepared aquaria even if the tap water 
utilized had first been aerated to remove excess chlorine. New aquaria were 
therefore ‘conditioned’ either by permitting vegetation to rot within them for a 
week or longer or by adding a sizeable volume of water from existing tanks sev- 
eral days before snails were introduced. 

The commonly employed leafy vegetables initially served as snail food but 
were discarded in favor of water cress (Nas{urtium officinale) purchased from lo- 
cal markets. Although the use of ‘‘mustard and cress seedlings” is casually men- 
tioned by Cowper (1946), this plant has not heretofore been used commonly. It 
offers several practical advantages in the rearing of A. glabratus; thus, it is avidly 
eaten by snails of all ages, it provides a naturalistic substrate for crawling and 
browsing, and it is utilized as their primary egg-laying site (Fig. 1). This last 
feature is of particular significance since snail egg-masses on stems and leaves 
are made easily accessible either for experimental use or simply for transfer from 
over-crowded to less-crowded aquaria. Furthermore, by the removal of all the 
egg-laden vegetation at regular intervals from ‘breeding’ tanks to new ones, it 
is possible to build up stocks of snails of approximately uniform age and size with 
a minimum of effort 

Although water cress appeared to satisfy the nutritional requirements of A 


glabratus as well as those of Marisa and several genera of locally-collected snails, 


the diet of the stock snails was supplemented by occasional feedings of a pre- 
pared food originally formulated by Standen (1951) and later modified by Moore 
et al. (1953). This food, which contains a variety of ingredients combined in an 
insoluble calcium alginate gel, proved highly attractive to A. glabratus which 


would leave the watercress and cluster on its surface until it was devoured. It 


was soon found that strips of this food, although kept in water in sealed jars in 
the refrigerator, tended to become foul-smelling and had to be discarded after 
about two weeks. This wastage was obviated by wrapping freshly prepared food 
in small lots in tinfoil packets and storing them in a deepfreeze until needed. 
The several hundred specimens of Marisa cornuarietis received from Puerto 
Rico were almost exclusively large, sexually mature adults (Fig. 2). These were 
maintained without difficulty in groups of 25-50 in 10-gallon aquaria well stocked 


The 3-gallon aquaria measured 12” x 7.5 9”; the 10-gallon aquaria measured 20” x 


10.5” x 12° 
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Fig. 1 Photogr iph showing egg-masses of Australorbis glabratus on stems and leaves of 


water cress (Nasturtium officinale). The contrast between the egg-masses and plant sub 


stance was increased by photographing the specimens out of water after they had been 


permitted to dry for 15 minutes. The seale is in centimeters 


Fic. 2. Photograph showing size relationship between an adult Marisa cornuarietis 


left) and an adult Australorbis glabratus. The scale is in centimeters 
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with water cress. A detailed account of the biology and anatomy of .Warisa is 
currently in preparation, but for the moment it is sufficient to note that after a 
brief time-lag these snails began to reproduce and a successful colony was estab 
lished. However, only the field-collected adult snails were used in the experiments 
reported below, except In one Instance when juvenile Marisa were required It is 
important that 1/7. cornuarietis is not known to be naturally infected with human 
schistosomes nor has it been successfully infected experimentally Penalver, 
1950 


EXPERIMENTAL OBSERVATIONS 
Preliminary experiments 


In maintaining Warisa it was observed that these snails ate prodigious 
amounts of water cress, even Consuming the toughest stems. These observations 
were crudely quantitated in a series Of experiments. 

In one study, 11 Waritsa and 11 adult A. glabratus were maintained together 
for 25 days in a 3-gallon battery jar (#1) in which 20 grams (wet weight) of 
water cress were made available daily. A second jar (¥* 2), containing only 11 
1. glabratus, was also supplied with weighed amounts of the plant. The wate1 
cress remaining in each jar was weighed daily, to the nearest gram alter gentle 
blotting with absorbent towelling, and the following results obtained: the weight 
of water cress consumed by the A. glabratus alone (#2) was so small that it could 
not accurately be measured— indeed, on occasion the water cress grew more 
rapidly than it was consumed. In jar ¥ 1, however, the mean daily consumption 
of cress Was 7 grams, the median was 9.5 grams, and the range was from 3-20 
grams per day. Ignoring the negligible amount which may have been ingested 
by the associated A. glabratus, the mean daily consumption of water cress per 
Varisa was nearly 0.7 grams and on some days reached 1.8 grams. 

Of even greater interest were the incidental observations made on A. g/labratus 
reproduction during this experiment Thus, in the jar which contained the mixed 
snail populations, A ustralorbis egg-masses were seen on vegetation only rarely: 
1 on day 15 (disappeared by day 16); 1 on day 18 (disappeared by day 19); and 
3 laid between days 21-23 (still present when the experiment was terminated on 
day 25). By contrast, numerous A. glabratus egg-clutches were always present on 
the vegetation in the second jar; for example, 15 were present on day 8 and 38 


on day 13 
Experiment ] 


These observations strongly suggested that .Warisa was responsible for the 
destruction of such Australorbis egg-masses as were deposited on the vegetation. 
To test this thesis, water cress stems on which Australorbis eggs had been laid 
were collected from a ‘breeding’ aquarium and cut into short lengths, each seg 
ment bearing one or two egg-masses. Thirty-five such egg-masses were placed in 


a half-filled 3-gallon battery jar containing 15 Marisa provided with no other 


7 
source of food, while 45 additional egg-masses on short stem-lengths were held as 


controls in a similar jar. The results of this experiment (Table 1) indicate, a) the 
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TABLE 1 
Australorbis glabratus egg-masses on wate 


hy Marisa cornuarietis 


iu 


ixperimental 


Control 


rapidity with which the egyg-Inasses were disposed ol by Varisa, b) an approxi- 
mation of the potential 1. glabratus population destroyed in the process. Further- 
more, on several occasions specimens of .Varisa were actually observed ingest- 
ing Australorbis ¢ 


MaSSeS 


iat 
ape rament 


With the foregoing data as guides, an experiment was designed to determine 
the long-range effects of ./. cornuarielis on the growth of A. glabratus popula- 
tions, and simultaneously to determine if the amount of water cress available to 
the mixed populations significantly affected the outcome. Accordingly, three 
10-gallon conditioned aquaria were set up as follows: Tank 1: Marisa—25, A. 
glabratus— 50°, and 17 grams of water cress available daily. This amount of 
water cress was calculated to be a ‘limited’ supply since each Warisa might be 
expected, on the basis of past experience, to eat about 0.7 grams per day. The 
uneaten water cress was removed each day, weighed, and returned to the tank 
together with enough fresh cress to bring the total to 17 grams. Tank 2: Marisa 
25, A. glabratus —50°, and about 100 grams of water cress available daily. This 
amount of water cress was calculated to be an ‘excess’ supply. Tank 3: Control 
aquarium containing 50° A. glabratus and an ‘excess’ supply of water cress which 
was replenished as necessary. This experiment was operative for a two-month 
period with results as shown in Table 2. In aquarium * 1 no young A ustralorbis 
were seen at any time and egg-masses were seen only occasionally. These results 
are consonant with the water cress records for this tank, which showed that the 
entire daily supply had been consumed on 17 days of the 60. In tank * 2, Austra- 
lorbis egg-masses were continually present on the vegetation, a total of 85 clutches 


having been counted at the termination of the experiment; however, only once 


during the entire period was a newly-hatched Australorbis seen, and it disap- 


peared within a day. In contrast to the complete lack of effective reproduction 
by A. glabratus in both experimental tanks, nearly 1000 new A. glabratus were 

produced in the control tank (#3). 
The egg-clutches recovered from tank #2 at the end of the experiment ap- 
In order to insure continuing reproduction by A. glabratus throughout the period of 


the experiment, each group of 50 snails was composed of 20 adults, 15 juveniles, and 15 
young snails 
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TABLE 2 
The effects of Marisa cornuarietis on the growth of Australorbis glabratus populations in 
10-gallon aquaria during a 2 month period, See tert for details concernina 


the amount of watercress in each aquarium 


iu 


l Limited cress ‘ nO Few Zz 567 
) 


2. Excess cress 2: 50 Moderate 0 3! 106 
s. Exeess cress (Control A) Many 962 3 Not done 


tepresents all Ausfralorbis remaining from main experiment 


peared entirely normal microscopically and some were in advanced stages of 
development. In order to determine if these egg-masses actually were normal 
and to rule out the possibility that some toxic agent was produced by Marisa 


which might prevent the eggs from hatching, 45 of the clutches were placed in a 


3-gallon battery jar half-filled with water from tank * 2, and, during the next 


two weeks, over 400 normal A. glabratus hatched. 

At the conslusion of the main experiment, all the Warisa were removed from 
the two test tanks, all leftover water cress was removed and replaced by fresh 
plants, and the surviving A. g/abratus in each tank were permitted to breed freely 
in the original water for a period of one month as a post-experiment check on 
their reproductive capacities. The results (Table 2) showed that both groups of 
surviving snails were capable of effective reproduction under the conditions 
cited. That the somewhat smaller group of snails in tank * 1 should have out- 
produced the snails in tank #2 in this test by 5:1 is not particularly noteworthy 
since A. glabratus populations not uncommonly go through short-run cycles of 
high and low reproduction. The discrepancy in population growth would prob- 
ably have been made up, given more time, since at the end of the 30-day trial, 
only 58 egg-clutches were found on the vegetation in tank * 1 while 148 were 
counted on the plants in tank * 2 


Ka periment 3 


Under the conditions described above, 25 Marisa seemed capable of controlling 
the reproductive output of 50 A. glabratus even when ‘excess’ vegetation was 
available. Apart from the desirability of repeating the experiment for purposes 
of confirmation, it also seemed Important to determine what might happen, a 
if the amount of available vegetation were increased very considerably, b) if 
juvenile Marisa were substituted for adults, and ¢) if the number of adult Warisa 
were reduced while the population of Australorbis was held constant. 

With these as objectives, five 10-gallon aquaria were conditioned and 50 A. 
glabratus (35 breeding adults and 15 young snails) placed in each. Twenty-five 
young Marisa, laboratory reared and each approximately 1 cm. in diameter, 


were placed in the first aquarium, 25 adult .Warisa in the second, 12 in the third, 
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TABLE 3 
The ele fs of iwwentle and of aruingd numbers of adult Marisa cornuarietis on the growth 


of Australorbis gl ibratus pop ilations in 10 gallon aquaria d tring a é week pe riod 


Number of 


Control 


* Juveniles. All other Marisa were adult 


t Over original 50 Australorbis gla atus in each case 


in the fourth, and none in the fifth (control). Approximately 200 grams of 
water cress were continually maintained in each tank by additions of fresh plants 


as required. At weekly intervals all the vegetation was removed from each tank, 


the egg-masses counted, and the water cress returned to the respective aquaria. 


It should be noted that in this experiment, as in the foregoing one, the few egg- 
masses found on the walls of the aquaria were counted and then removed, a cor- 
responding number being removed from the control tank. The experiment was 
terminated after 5 weeks and the results are summarized in Table 3. Since it 
usually takes somewhat longer than a week for an A. glabratus egg-clutch to 
hatch, the cumulative totals of weekly egg-clutch counts shown in this table can 
be taken only as a crude index to events. Nevertheless, it is clear that the number 
of A. glabratus egg-clutches in evidence increased regularly as the number of 
adult Warisa decreased from 25 to 3, and furthermore, that the 25 juvenile 
Varisa were as effective as the same number of adults in disposing of A. glabratus 
egg-masses. If, however, control is measured in terms of the number of new A. 
glabratus produced during the period, then the results obtained using 25 adult 
or juvenile .Warisa are especially notable, particularly if one considers that the 
vegetation reserve was enormous. As in the case of the egg-clutch totals, the 
number of new A. glabratus increased stepwise as the number of adult Marisa 
decreased from 25 to 3. 

As noted above, the occasional egg-masses found on the glass walls of the test 
aquaria were removed from the experiment. This was done because it was not 
then known whether Marisa could or would eat egg-masses so situated. This 


matter is of some importance if, in nature, A ustralorbis occasionally lays its eggs 
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on rocks or on other inedible surfaces rather than on plants. In order to resolve 
this, a 3” x 5” glass plate was placed in an Australorbis ‘breeding’ aquarium and 
the snails were fed only the alginate food, all water cress having first’ been re- 
moved. When a dozen egg-masses had been deposited on its surface the plate 
Was submerged at a slight angle against the wall of a 2-liter beaker containing 
10 adult Warisa provided with no other food. By the fifth day 10 of the egg- 
masses had completely disappeared and the two remaining had been partially 
destroyed. These results have been further substantiated by the repeated ob- 
servation that the eggs of a locally-collected snail, Physa helerostropha, are eaten 


by Varisa from surfaces such as the glass sides of an aquarium, 


ka periment 


While control of A glabratus populations had been achieved and experimen 
tally modified under the conditions described above, it became evident that the 
destruction of A. glabratus eggs by Marisa could not be the only contributory 
mechanism. It has been pointed out, for example, that numbers of egg-masses 
were continually found even where 25 Marisa were present (as in aquarium * 2, 
Table 2), pro\ ided the vegetation supply Was In excess of the amount that could 
be devoured in a limited interval. It seemed plausible to assume, therefore, that 


some egg-clutches might have escaped destruction long enough to develop and 
I 


hatch. If this occurred, it then appeared important to determine if .Warisa were 
capable of destroying newly hatched snails, not an unlikely possibility in view of 
the fact that such A ustralorbis are exceedingly small (about 0.7 mm.), and tend 
to remain in the \ city of the « gg-mass for some time 

In order to Investigate this possibility, experiments were conducted which 
involved the exposure of very small A. glabratus to Marisa. For this purpose, 
egg-laden water cress was removed from several ‘breeding’ tanks to another 
aquarium and observed until numerous newly-hatched snails appeared. This 
vegetation was then placed in a shallow dish of water and shaken to dislodge the 


snails. Snails small enough to pass the 1.0 mm opening of a capillary pipette were 


TABLE 4 
Summary of three experiments on the destruction of newly hatched Australorbis glabratus 
by Marisa cornuarietis Experimental groups of A. glabratus each exposed 
to 10 M. cornuarietis 


1 (12 days 
2 (8 days 
3 (11 davs 


Totals 265 33 ys 265 


* All A. glabratus less than 1 mm. diameter at start of each trial. 
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removed under a dissecting microscope to a small dish. When the desired number 
had been collected and checked for viability they were transferred to a condi- 
tioned 3-gallon aquarium by over-turning the dish under the surface of the water 
and brushing the snails out with a fine camel’s hair brush. Water cress was added 
to the aquarium and to a second aquarium containing an identical number of 
similarly collected snails; one aquarium served as a control while 10 adult .Warisa 
were placed in the other. In this manner three separate experiments were con- 
ducted, the results of which are summarized in Table 4. 

It is evident from these data that a much higher percentage of small A. gla- 
bratus was recovered from the control than from the experimental tanks after 
intervals of 8-12 days. Although on one occasion a Marisa was actually observed 
ingesting a small snail, and this seems the likeliest explanation for the disappear- 
ance of the Austra/orbis from the test tanks, some may have been killed by being 


crushed or by some other less obvious means. However, by whatever means, 


there is little doubt that’ Marisa is capable of destroying newly hatched A. 


glabratus 


DISCUSSION 


Nothing in our observations of Marisa would indicate that this snail is a pur- 
poseful predator of the immature stages of A. glabratus; on the contrary, the 
evidence is that Marisa destroys the egg-masses and young by accident as it 
browses and feeds. In so far as we are aware, the malacological literature includes 
only a few examples of predatory behavior among fresh-water snails, and even 
these would seem to represent rather unusual occurrences (Nelson, 1865; Mc- 
Lane, 1939; and others). In any case, the apparent absence of ‘predatory intent’ 
on the part of Marisa did not seem to affect its ability to control A. glabratus 
under the conditions of the present experiments. There can, however, be little 
doubt regarding .Warisa’s capacities as a herbivore and it may therefore be of 
interest to add that this snail is more omniverous than fastidious in regard to the 
plant material it will consume. In addition to the alginate food and water cress, 
it also feeds actively on cabomba, elodea, dwarf sagittaria, carrot, cabbage, 
lettuce, celery, tomato, and even paper towelling. 

The transposition of our laboratory findings to the interpretation of the 
Marisa-Australorbis complex in the field must be approached with caution. 
Nevertheless, it may be assumed that if the basic mechanisms which are opera- 
tive in the laboratory have their counterparts in the field, their action is collec- 
tive and with the same end result namely, the reduction of the A. glabratus 
populations. .Varisa appears to destroy the egg-masses and the very young 
Australorbis, while the older or adult snails are not directly affected. Theoreti- 
cally then, if the entire effective reproduction of A ustralorbis is disposed of by 
Marisa, the ultimate reduction to zero of a given population of A. glabratus must 
await the death, from other causes, of the adults or juveniles already present. 
Under laboratory conditions, of course, these adults and juveniles could be elimi- 
nated simply by starvation over a period of time following the disposal of the 
available food by Marisa. While this might also conceivably occur in the field, 
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it would pre-suppose so thorough a destruction of vegetation by Marisa that it 
it too would suffer as a consequence. Alternatively, there is the general considera- 
tion that when an animal population is reduced to very low numbers under 
natural conditions, some point is reached beyond which the few survivors can 
no longer reproduce effectively and the entire local population disappears. 
Whether this would apply to A. glabratus, a monecious species in which self- 
fertilization and/or parthenogenesis may occur (Brumpt, 1941), is not known. 
However, it may prove no more necessary to kill every snail in order to effect the 
control of schistosomiasis than it is to kill every anopheline in order to control 
malaria. 

Our data do not permit any predictions regarding the number of .Warisa 
which might be required initially in order to provide ultimate control of 
an Australorbis population under field conditions, particularly since the con- 
ditions themselves vary considerably. The empirical ratio of 25 Marisa to 50 
Australorbis was extremely effective, for example, in controlling the growth of 
the latter population in 10-gallon aquaria containing up to 200 grams of vegeta- 
tion. However, in another experiment in which a 25:50 ratio of these snails and 
a constant supply of 200 grams of water cress were placed in an aquarium of 35- 
gallon capacity, over 100 new Australorbis were found at the end of 5 weeks. 
Nevertheless, it would be mistaken to interpret this as a complete failure merely 
because Australorbis ‘broke through’ the Marisa control. In the first place it 
can be assumed that many more than 100 A. glabratus would probably have been 
produced had Marisa been absent from the tank. A second important considera- 
tion is that the Warisa themselves deposited 78 clutches of eggs (all of which 
were removed from the tank) during the period of the experiment. Since studies 
conducted by one of us (EK. H. M.) have shown that the .Warisa egg-mass com- 


monly contains well over 100 individual eggs, and that the percentage of snails 


one can expect to hatch from these egg-clutches is at least as high as from A ustra- 


lorbis egg-masses, it becomes apparent that the reproductive capacities of 
Varisa must also be considered in planning for control. This is all the more sig- 
nificant when it is recalled that juvenile .Warisa are apparently as effective as an 
equal number of adults in controlling A. glabratus populations. 

It is important to reiterate that, valid as the experiments described may be, 
the results should not be extrapolated for field use without due caution. The 
experimental data may, however, safely be generalized at least in so far as they 
demonstrate that studies on the biological control of schistosome-bearing snails 


are possible and are subject to a quantitative approach. 


SUMMARY 


Marisa cornuarietis, a large operculate snail, is capable of limiting the growth 
of Australorbis glabratus populations under certain laboratory conditions. The 
mechanisms of this control action is a complex of several characteristics of VV. 
cornuarietis. This snail is a voracious herbivore, which, in the course of feeding 
on vegetation, ingests the A. glabratus egg-masses laid there. Marisa is also 
capable of destroying small newly-hatched Australorbis, probably by ingesting 
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them. Other aspects of the biological control of A. glabratus populations by M. 
cornuarvetis are discussed in relation to the experimental results and their possible 
field implications. 


ADDENDUM 


Since this manuscript was prepared for publication, a review of the malaco- 
logical literature by one of the authors (E.H.M.) has shown that the generic 
name Ceratodes Guilding, 1828 has technical priority over Marisa Gray, 1824. 
There is also a difference in usage among authors in regard to the specific name: 


some prefer cornu-arietis and others cornuarietis. A discussion of the nomen- 
¢lature of this snail is in preparation. 
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STUDIES ON THE BIOLOGICAL CONTROL OF 
SCHISTOSOME-BEARING SNAILS 


Il. THe ConrroLt OF AUSTRALORBIS GLABRATUS POPULATIONS BY THE 
Leecu, HELOBDELLA FUSCA, UNDER LABORATORY CONDITIONS! 


ELI CHERNIN, EDWARD H. MICHELSON, AND DONALD L. AUGUSTINE 
De partment of T opical Public Health. Hap ard School of P tblic Health. Boston, Vassar husetts 


INTRODUCTION 


Obligate predation upon fresh-water snails is probably uncommon although 
snails are known to form an important part of the diet of a number of animals, 
notably leeches. For example, Brumpt (1941) noted the destruction of colonized 
snails by Helobdella stagnalis, but considered that leeches play only a minor role in 
destroying snails in nature. Miller (1929) lists several species of leeches, among 
them Helobdella (=Glossiphonia) fusca, which were found feeding on snails, and 
additional references may be cited (Jacquet, 1885; Moore, 1901, 1912; Harding, 
1910; Boisin Bennike, 1943; Elliot, 1917; Krull, 1931; Guibé, 1936, ete.) indi- 
cating that leeches feed upon snails. Meyer (1955) has summarized this matter 
as follows: ‘Based upon known references in the literature of leeches feeding 
upon Mollusca (particularly gastropods), and supported by personal observa- 
tions, it appears that this group forms an important item of food. However, so 
far as I am aware, no analyses of alimentary contents or controlled feeding tests 
have been made along this line.” 

An opportunity to determine whether leeches were indeed capable of adversely 
affecting populations of the schistosome-bearing snail, Australorbis glabratus®, 
was afforded when Dr. Redginal Hewitt, of the Lederle Laboratories, informed 
us that part of his colony of A. glabratus was leech-infested. The leeches had 
been introduced inadvertently into the aquaria on vegetation collected from 
ponds in the vicinity of Pearl River, New York. They multiplied rapidly and 
became so troublesome that it was necessary to examine the infested aquaria 
frequently and to remove any leeches found. In November, 1953, Dr. Hewitt 


sent up a group of these leeches and a colony was established in our laboratory. 


Subsequently, Dr. Marvin Clinton Meyer of the University of Maine identified 


specimens from this colony as Helobdella fusca Castle, 1900. 


MATERIALS AND METHODS 


Observation of Helobdella fusca (Fig. 1C) revealed that the leeches tended to 
congregate in the shaded corners of containers or on dark surfaces. Accordingly, 


9 


This investigation was supported (in part) by a research grant (-513-C) from the 
National Microbiological Institute of the National Institutes of Health, Public Health 
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> The W.H.O. Expert Committee on Bilharziasis has recently suggested W.H.O. Tech 
Rept., Ser. #90, 1954) that the genus Australorbis Pilsbry, 1934, be synonymized with and 
superseded by Biomphala ia Preston, 1910 
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they were maintained at 76° F. in a 3-gallon aquarium darkened by an opaque 
eover The tank Was aerated and the leeches were fed on live or dead snails (A. 
glabratus, locally-collected Physa sp. or Limnaea sp.) and occasionally on bits 
of raw beef or mouse liver. The leeches required little attention and multiplied 
rapidly. 

Reference may be made to an earlier publication (Chernin, Michelson and 
(Augustine, 1956) for details of the maintenance of the Puerto Rican strain of 
Australorbis glabratus used in these studies. The stock snails were maintained 
at about 76° F., all experiments described below were conducted at that temper- 
ature, and ceiling-level fluorescent lights were kept on at all times since natural 
light was excluded from the laboratory. 


EXPERIMENTAL OBSERVATIONS 


In an experiment designed to determine if 1. fusca would destroy snail eggs, 


10 A. glabratus egg-masses on short lengths of watercress stems were placed in 


a 400 cc. beaker, 35 adult leeches were added, and the egg-masses were examined 
microscopically each day for evidences of damage. All 10 masses remained normal 
in appearance and on the fifth day some began to hatch; by the 12th day, two 
egg-masses still were unhatched but had remained intact. In the interim, how- 
ever, the bottom of the beaker became littered with more than 50 shells of newly- 
hatched snails killed by the leeches. While there was no evidence, therefore, to 
indicate that 1. fusca was predacious upon A. glabratus egg-masses, it did appear 
that the leech readily attacked very young snails. 

In the course of maintaining the leeches, it was noted that when A. glabratus 
of various sizes were dropped into the leech tank, the larger snails appeared to 
survive much longer than did smaller snails. In order to determine the validity 
of these observations, 10 adult Australorbis were placed in each of two 2-liter 
beakers and 10 mature unengorged H. fusca were added to one of the containers. 
At the same time, 20 young A. glabratus were placed in a 1-liter beaker together 


with 10 adult unengorged leeches, and subsequently additional groups of snails 


TABLE 1 
The comparative vulnerability of adult and young A. glabratus to Helobdella fusca. Each 


experime ntal group of snails was exposed to 10 mature leeches 
Number adult snails alive Number young’* snails alive 


Experimental Control Experimental Control 


0 10 20 13 
$ 10 0 (+20)t 13 
9 9 0 (+20)t 13 
15 i) 0 (+12)T 13 
18 S | 12 


Live/Total y 12/13 


About 3 weeks old 
t+ New snails added 
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were added, A similar beaker, containing 13 young snails but no leeches, served 
as a control. It is apparent from the results of this experiment (Table 1) that the 
smaller A. glabratus were rapidly killed while the losses among adult snails were 
no greater than among their controls. 

Although it appeared that young snails were more vulnerable to the leeches 
than older ones, further confirmation was afforded by the results of the follow 
ing experiment. One hundred Australorbis were measured microscopically or 
with a hand caliper equipped with a vernier scale. The snails were sorted into 
10 groups, each representing a one millimeter increment in shell diameter (..e., 
2.0-2.9, 3.0-3.9, ete., to 11.0-11.9 mm), and each group was placed in a 400 ce. 
beaker filled with water. Five adult unengorged H. fusca were placed in each 
beaker and the living snails were counted at intervals thereafter; at the end of 
18 hours, 5 additional leeches were added to every beaker which still contained 
living snails. The results of this experiment (Table 2) again show that the 
smallest snails were the most rapidly killed. 

While H/. fusca was capable of quickly destroying small groups of A. g/abratus 
when the two animals were placed together under highly artificial conditions, 
it remained to be determined if H. fusca could control the growth of an A. 
glabratus population in a large volume of vegetation-filled water over a long 
period of time. Accordingly, 50 A. glabratus were placed in each of two 10-gallon 
aquaria (20” x 10.5” x 12”), 25 adult unengorged leeches were added to one tank 
(the other served as a control) and 100 grams of watercress were maintained in 
each tank as snail food. The experiment was terminated after 60 days, and the 
results are shown in Table 3. Although newly-hatched snails were seen on a few 
occasions and A. glabratus egg-masses were continuously present on the vegeta- 
tion, there was no effective reproduction in the experimental aquarium; in striking 
contrast, nearly 1000 new A. glabratus were produced in the control aquarium 
during the same period. Furthermore, by the end of the study, the initial snail 


population in the experimental tank had been reduced by 82 per cent as com- 


TABLE 2 
The destruction of A glabratus by Helobdella fusca. Each group of snails was placed in 
400 cc. of water and ¢ rposed to & adult leeches for the first 2 days and to & additional 


leeches for the remainder of the experiment 


2 hours 
IS hours 
1 day 

2 days 
3 days 

t days 


5 day “ 
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TABLE 3 
The effect of Helobdella fusca on the growth of a population of Australorbis glabratus. 
Experiment conducted in 10-gallon aquaria during a 60-day period 


Number of 


Stock Australorbi 
New Australorbis 
At start At end 
experimental 2: 50* 9 (18% 0 
Control 50* 34 (68% 962 
* The initial stock of 50 A. glabratus was composed, in each case, of 20 adults, 15 juve 


niles, and 15 young snails 


pared with a 32 per cent decline of the starting control population. Finally, it 
should be noted that the number of H. fusca increased during the course of the 
experiment, many more than the original 25 being present when the study was 
terminated. 


THE FEEDING HABITS OF H. FUSCA 


In the course of these experiments, A. glabratus were frequently seen with one 
or more adult leeches adherent to the shells. While maintaining its attachment 
to the shell with its posterior sucker, a leech would occasionally probe at some 
exposed part ol the snail, sometimes causing it to withdraw. The leech would then 
probe deep into the aperture, attempt to insert its proboscis (Fig. 1D, E) and, 
if successful, would proceed to feed upon the snail until the shell was empty. 
During the active feeding phase, the leech usually released its hold on the shell 
with its posterior sucker and re-anchored itself on some firm surface such as a 
stem, pebble, or the glass wall of the aquarium; in this new position (Fig. 1A) 
the leech would continue to feed while waving the snail back and forth as it un- 
dulated. Not uncommonly, three or more leeches were observed feeding simul- 
taneously on the same snail—which one had originally killed——their bodies partly 
in and partly out of the shell aperture. 

The adult leeches are much more rapidly successful in securing a feeding hold 
on the soft tissues of small than of large snails, although given enough time even 


the latter are caught and killed. However, the mature leeches may not be the only 


agency by which adult snails are killed or injured. The adult leech carries its 
brood of young on its ventral surface where they are attached by their posterior 
suckers. When the ‘parent’ leech has killed a snail and begins to feed, the young 
leeches also commence feeding, undulating actively from their points of attach- 
ment. Apart from this secondary scavenging role, it seemed possible that these 
small leeches might actually be capable of invading the shell of a live snail once 
they were brought into contact with it by the ‘parent’ leech*. 

This possibility was explored by removing 10 small leeches from their ‘parents’ 
and placing them in a small beaker containing 200 cc. of water to which three 


We are indebted to Dr. Redginal Hewitt for this suggestion. 
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Fig. 1 Photographs of Helobdella fusca. A 


Adult leech feeding upon a young Australorbis 
glabratus 


Both animals were killed in situ with hot Bouin’s containing formic acid. The 
white opacity of the snail shell is an artifact of fixation. Photographed unstained in 70 per 
cent aleohol, X7.8. B Young leech shown attached near the base of the columellar muscle 
of an adult A. glabratus (the anterior portion ot the snail is to the left Specimens fixed 
in situ with hot Bouin’s (see text for details). Photographed unstained in 70 per cent al 
cohol, X6. C. Mature, fully-engorged leech. Fixed with hot Bouin’s solution, flattened under 
light pressure, and stained with Semichon’s acid carmine, X9. D. Fully extruded proboscis 
of an adult leech showing associated structures and serations at the distal extreme. The 
leech was killed with hot Bouin’s while actively feeding on a snail. Stained with Delafield’s 
haematoxylin, X30. E. Adult leech showing proboscis extruded. The leech was killed in 
situ with hot Bouin’s a few minutes after it began feeding on 
carmine stain. X9 


a snail Semichon’s acid 


adult A. glabratus (each about 1.2 ecm in diameter) were added. Several of the 
leeches were soon observed crawling on the shell surface of one snail and within 
a few minutes two had disappeared within the shell aperture, whereupon the 
snail withdrew and began to exude mucous copiously. During the next 30 minutes, 
the snail extended and withdrew several times in a peculiar jerking manner, and 
the next day was found withdrawn but still alive. It was then fixed in boiling 


Bouin’s solution containing 5 per cent formic acid, and dissected carefully after 
the shell had been dissolved. One small leech was found attached under the dorsal 
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margin of the mantle collar, a second was found free (apparently) in the mantle 
cavity proper, while a third was firmly attached under the base of the columellar 
muscle (Fig. 1B) and may have been primarily responsible for the jerking mo- 


tions of the snail and for its withdrawal. The other two snails were similarly 


fixed and dissected after an additional day’s exposure to the remaining leeches. 
Both of these snails had appeared outwardly normal and when dissected one 
was free of leeches while the second contained two, one attached dorsally just 
posterior to the mantle collar and the second attached to the dorsum of the mantle 
nearly 8 mm. from the collar. 

Thus, while the effects of these small leeches were not studied quantitatively, 
it appears they may play a contributory, if somewhat cryptic, role in the death 
of adult snails. Indeed, it is quite likely that they may be capable of killing such 
snails given enough time; failing this, they may so weaken the large snails from 
within that they become easier prey to the mature leeches from without. 


DISCUSSION 


Just as adult and young A. glabratus differ in their vulnerability to H. fusca, 
there are probably similar differences between adult snails of different species. 
Thus, adults of locally-collected Physa heterostropha proved, on casual trial, to be 
more vulnerable to H. fusca than were adults of Australorbis. The Physa seemed 
to react less actively to the efforts of the leech to obtain a feeding hold and once 
attacked put up less of a struggle. These observations suggest that under natural 
conditions of choice, the predator may exercise a selective action on the available 
prey species reflecting the degree of ease or difficulty with which individuals of 
a given species succumb. It would therefore seem that even a leech which was 
an obligate predator of snails might, to some extent, vitiate its effectiveness by 
killing innocuous as well as vector snails. 

It should also be noted in this context that H. fusca and A. glabratus are not 
known to occur in the same range, the former being a northern and the latter a 
tropical species. The lack of natural ecological contact with each other added 
to the necessarily artificial conditions under which they were brought together 
in the laboratory may in some measure account for this leech’s efficiency in 
destroying A. glabratus. Be this as it may, it is of some interest to add that a 
species of leech closely related to H. fusca, Helobdella punctato-lineata, occurs 
naturally in Puerto Rico (Moore, 1939) where A. glabratus is also native. Moore 
quotes correspondence from W. A. Hoffman to the effect that under laboratory 
conditions this leech readily feeds on A. glabratus, and more recently Walton 
(1955) has confirmed this view, at least in so far as his preliminary studies have 
shown that this leech is capable of killing small A. glabratus. Moore also sug- 
gested the possibility that 7. punctato-lineata, and related species in the Family 
GLOSSIPHONIIDAE, might play some part in the control of these schistosome inter- 
mediate hosts, particularly since the members of this family ‘habitually and 
almost exclusively” feed upon aquatie snails. 

Whether Helobdella fusca, H. punctato-lineata, or indeed any other leech, repre- 
sents a practical means for the control of Australorbis glabratus under natural 
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conditions remains a moot question which can be resolved only by field trial. 


There is no doubt, however, that Helobdella fusca is a most effective agent for the 
control of A. glabratus populations in the laboratory. 


SUMMARY 


The growth of an Australorbis glabratus population was effectively controlled 
by the leech, Helobdella fusca, under laboratory conditions. Small snails were 
found to be exceptionally vulnerable although snails of all sizes were killed by 
this leech. Furthermore, while the mature leeches were primarily responsible for 
killing the snails, it was found that young leeches may also play a contributory 
role. The manner in which the leech kills its prey is described and the possible 
practical aspects of the study are discussed. 


ACKNOWLEDGMENTS 


We wish to express our appreciation to: Dr. Redginal Hewitt, Lederle Labora- 
tories, for supplying us with the leeches used in our studies; Dr. Marvin Clinton 
Meyer, University of Maine, for the identification of these leeches and for helpful 
comments on the manuscript; Capt. Bryce C. Walton (M.S.C.), Army Medical 
Service Graduate School, for permission to note his observations on Helobdella 
punctato-lineata; and Dr. Chia-tung Pan, Harvard School of Public Health, for 
staining the specimens shown in Fig. 1 C, D, and E. 


REFERENCES 

Boistn BENNIKE, 8. A., 1943. Contributions to the ecology and biology of the Danish 
fresh-water leeches (Hirudinea), Folia Limnologica Scandinavica, No. 2, 109 pp 

Brumpt, E., 1941. Observations biologiques diverses concernant Planorbis (Australorbis 
glabratus héte intermédiaire de Schistosoma mansoni, Ann. Parasit. Hum. Comp. 18: 
9-45. 

CHERNIN, E., Micnetson, E. H., anp AuGustTINE, D. L., 1956. Studies on the biological 
control of schistosome-bearing snails. I. The control of Australorbis glabratus popula 
tions by the snail, Marisa cornuarietis, under laboratory conditions, Am. J. Trop 
Ved. and Hyq. 297-307. 

Evutiot, W. T., 1917. Glossiphonia (leech) destroying Limnaea peregra, Proc. Malac. Soc 
London, 12: 307. 

GuiBk, J., 1936. Glossiphonia heteroclita L., hirudinée predatrice de mollusques gastero 
podes, Bull. Soc. Linn. Normandie, Caen, Ser. 8, 8: 83. 

Harpine, W. A., 1910. A revision of the British leeches, Parasit. 3: 130-201 

Jacquet, E., 1885. Sur quelques parasites des Lymnées, L’Exchange, No. 1,2 pp 

Kru, W. H., 1931. Importance of laboratory-raised snails in helminthology with life 
history notes on Gyraulus parvus, Oce Pape rs. Mus. Zool., Univ. Michiqan. No. 226, 
10 pp 

Meyer, M. C., 1955. Personal communication. 

Miuuer, J. A., 1929. The leeches of Ohio. Distribution of the species together with what 
known of their occurrence, food, and habitat, Ohio State Univ., Contr. Stone Lab., No. 2 
38 pp. 

Moore, J. P., 1901. The Hirudinea of Illinois, Bull. Ill. State Lab. Nat. Hist. 6: 479-547 
Moore, J. P., 1912. The leeches of Minnesota. Part III. Classification of the leeches of 
Minnesota pp. 65-128), Geol. Nat. Hist. Surv. Minnesota, Zool. Ser., No. 5, 150 pp 
Moore, J. P., 1939. Helobdella punctato-lineata, a new leech from Puerto Rico, P. R. Jow 

Pub. Health and Trop. Med. 14: 422-429 


Watton, B. C., 1955. Personal communication 





AN ARTIFICIAL MEMBRANE AND APPARATUS FOR THE 
FEEDING OF THE HUMAN BODY LOUSE 
PEDICULUS HUMANUS CORPORIS' 


WILLIAM HADDON, Jr.’ 


The Department of Microbiology, Harvard University School of Public Health, Boston 15, 
Massachusetts 


The inadequacy of laboratory technics for the feeding of the human body louse 
and several other hematophagous arthropods has long hampered research, Al- 
though feeding had been experimentally demonstrated on a variety of animals 
(see review by Snyder and Wheeler, 1945), for many years the body louse could 
be fed reproducibly only on human subjects. During this period a method of 
intrarectal injection for the infection and feeding of lice (Weigl, 1920) served 
almost exclusively in vaccine production and in research with infectious agents 
in this arthropod. In 1948, Pshenichnov reared lice by feeding through prepara- 
tions of human cadaver skin. In 1945, Snyder and Wheeler demonstrated the 
infection of this insect with Rickettsia prowazeki and R. mooseri by feeding on 
rabbits which had received intradermal or intravenous injections of these or- 
ganisms. Following infection, the lice were maintained on rabbits. Culpepper 
(1946) established colonies reared on rabbits. Similar methods have been used 
in this laboratory and elsewhere since that time. Subsequently, Fuller et al. (1949) 
developed a method for the feeding of lice through a freshly dissected chick skin. 
This facilitated many investigations, but had the disadvantage of using a bi- 
ological, variable, and unsterile membrane. Similar methods, used with many 
of the medically important arthropods, have been reviewed by Kartman (1954). 

The current paper describes an artificial membrane and apparatus for the 
feeding of the human body louse, and outlines their relationship to the anatomy 
and physiology of feeding in this insect. 


ANATOMY AND PHYSIOLOGY OF FEEDING 

In preparation for feeding on the human skin, the louse braces itself with its 
legs, lowers its head, and caresses the surface with its antennae. These antennae 
have been shown by Wigglesworth (1941) to possess tactile, humidity, and ol- 
factory receptors. In areas where the skin is thin, penetration with the mouth- 
parts follows. 


The anatomy of the highly specialized mouthparts has been described in de- 


tail by Snodgrass (1944) and others. It consists primarily of two parts usually 
completely withdrawn within the head. In feeding, the toothed and normally 


' This work was supported in part by research grants from the National Foundation for 
Infantile Paralysis, the Division of Research Grants of the National Institutes of Health, 
U.S. Public Health Service, £553(C2), and the Research Laboratories of Chas. Pfizer and 
Co., Ine. 

2 Dr. Haddon was aided by a Fellowship from the National Foundation for Infantile 
Paralysis 
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inverted haustellum everts (Figure 1) forward and downward, tearing into the 
surface. The much longer and more delicate stylets then pass outward through 
the haustellum to reach the capillaries. The blood is then pumped back through 


the stylets by the serially arranged cibarial and pharyngeal pumps located within 


the head. Feeding frequently proceeds until a balloon-like engorgement results. 
It is to be noted that the human body louse, unlike some other bloodsucking 

arthropods, will not ingest free blood, even when the surface and ambient con- 

ditions are so arranged that the feeding attempt is made directly into blood. 
The specification of the dimensions of an artificial membrane required exact 


mouthpart measurements. Because a preliminary survey had indicated feeding to 


Fic. 1. Photomicrographs of successive stages in the eversion of the haustellum of the 
human body louse. a Normal retracted position. b Partial eversion. ¢ Almost complete ever 
sion. d Complete eversion. These specimens were prepared by fixing living females on solid 
CO», followed by thawing at room temperature and then by coverslip pressure. The fine, 
whiplike stylets which pass outward through the haustellum are not shown. These photo 
micrographs were taken under phase contrast; X c¢. 480 





ARTIFICIAL APPARATUS FOR FEEDING OF BODY LOUSE 


TABLE I 


Haustellum dimensions, newly hatched nymphs, males, and females, in microns 
males females 


Haustellum length, mean and S.D 28.6 
Haustellum width, mean and S.D 34.1 + 0.84 


The data were obtained in each instance from 9 to 11 specimens similar to that shown 
in Figure 1d. They are presented as an approximation only, since some distortion, partic 
ularly in length, undoubtedly occurred during preparation. The standard deviations have 
been corrected for sample size 


be feasible through membranes whose thicknesses were less than the length of 
the everted haustellum, attention was centered primarily on the haustellum 
dimensions in the male, female, and first instar. These were determined using 
an occular micrometer with preparations similar to that shown in Figure 1, d. 
Table 1 summarizes the data. 

A method for the reproducible stimulation of feeding attempts was also es- 
sential before the evaluation of various materials could be undertaken. In this 
connection, investigation revealed that repeated attempts were made by all 
instars when placed with appropriate surface and ambient temperatures on 
smooth surfaces which also provided claw holds at distances convenient for the 
particular instar involved. It was found possible to prepare large areas of such 
surface by intimately bonding gauze of certain mesh size to the materials to be 
studied. Ambient temperatures of approximately 20 to 30°C. with surface tem- 
peratures of approximately 33 to 37°C. were found satisfactory, although at sur- 
face temperatures of approximately 35°C. and above, the heat induced hyper- 
activity of the insects tended to decrease the number and persistence of their 
feeding attempts 


SPECIFICATION OF MEMBRANE 


In view of the above, a satisfactory membrane was envisioned as composed 
of a superficial layer of gauze bonded to a continuous film less than 25 microns 
in thickness and possessing such characteristics as to be stable, water-proof, 
self-sealing, and capable of being penetrated by the haustellum of the louse, but 
not by its much longer claws. It was necessary, in addition, that the resultant 
membrane could be easily prepared under laboratory conditions, and that it could 
be sterilized. Gutta percha, a commercially available product similar to natural 
rubber, was found to meet these requirements. 


Gutta percha is a crude mixture said to be composed largely of isoprene chains 


in the trans position (Fieser and Fieser, 1950). At temperatures below ap- 
proximately 40°C. it is flexible but not elastic. With heating, its plasticity in- 
creases and its properties approach those of crude rubber. The membranes de- 


scribed below are prepared by stretching a commercially available sheet, under 
hot water, to approximately one third its original thickness, and bonding the 
resultant sheets to gauze with a gelatine solution which is then dried. Stretching 
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jigs as shown, for example, in Figure 2, have been constructed in order to ac 
complish the stretching of gutta percha into uniform sheets of appropriate thick 
hess. 

In use, a rectangular gutta percha sheet approximately 8 x 30 em. is sand 
wiched between four 28 x 2.5 x 0.6 em. plastic strips. The sheet material will 
stretch only perpendicular to the direction of calendering. This is fixed by placing 
the plastic strips parallel to the direction in which the unheated material will 
tear. It is then held in place by heavy binder clips and the entire device lowered 
beneath water at a temperature of 46 to 50°C. At this temperature the gutta 
percha becomes quite soft and is easily stretched as the sides of the jig are pulled 
gently apart. The extent of stretching, and hence of thinning of the gutta percha, 
is limited by preset adjustable stops on the guides which bridge the plastic strips. 
The ratio between the final setting and the initial setting (7) is termed the “‘stretch 
ratio”. The thickness of the unstretched sheet, measured with a machinist’s 
micrometer, when divided by the stretch ratio gives the ‘“‘estimated thickness”’, 
a working approximation of the finely variable thickness of the stretched sheet. 
For example, a stretch ratio of 3.1 used with a sheet of 70 microns thickness gives 
an estimated thickness of approximately 23 microns. With the jig described 
above, an initial setting of 3.7 em. has been found most convenient. Similar jigs 
producing stretched sheets as large as 40 x 60 cm. have also been employed. 

After stretching, the jig is lifted vertically from the water to drain and, as 
necessary, the surface is blotted dry with gauze pads. It is next laid across two 
10 em. Petri dishes, following which it is cut between the dishes and from the jig 
with a sharp blade. The still sticky sheets are then sealed to the sides of the Petri 
dishes with light digital pressure. 
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Fic. 2. Typical jig used in membrane preparation. Refer to text for details 
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Fic. 3. Cross sectional, partially exploded and semidiagramatic view of typical feeding 
apparatus. Refer to text for details. All dimensions are given in mm 


The commercial product contains particulate impurities which result during 


stretching in scattered, pin-point holes*. These are easily located by examination 
under the low power of a dissecting microscope with strong substage illumination. 
If the area is to be used, they are sealed with small daubs of ‘‘Grippit’’*. “Duco 
Cement’’> may also be used, but Grippit is preferred. 

Gauze with a mesh size of 20 x 12 meshes per inch (7.9 x 4.7 per cm.) is then 
laid smoothly across the stretched sheet and fastened to the Petri dish with an 
elastic band. In bonding, the gauze covered gutta percha surface is dipped in, 
or rinsed with a solution of 5 per cent gelatine in water at a temperature of 25 
to 40°C. The excess is then drained off and the surface carefully blotted three 
times or more with filter paper, leaving the gauze damp but not wet. Bonding is 
completed by drying under room conditions or, preferably, for several hours in 
a 37°C. incubator with a forced draft. 

Following drying, the moderately stiff membranes are cut from the Petri dishes 
for use. They have been used successfully following 16 weeks of storage in the dark 
at ca. 25°C. Exposure toultraviolet light 50 cm. from a 15 watt lamp is not harm- 
ful in periods of one hour or more, but heat, sunlight, organic solvents, and oxidiz- 
ing agents should be avoided. Attachment to the feeding apparatus should be 
only with petrolatum applied to the underside of the membrane. It is noted that 


Gutta percha from some sources has proved less than satisfactory because of the failure 
of the gelatine impregnated gauze to adhere to its surface and because of its tendency to tear 
during stretching. That supplied by Bemis Associates, Watertown 72, Mass., has been found 
quite satisfactory. It may be ordered as: ‘Five pounds of Gutta Percha, 8-10 Tissue’’. 
The current cost is a few dollars. 

‘ Grippit paper cement is manufactured by the Sanford Ink Company, New York, N. Y. 

’ Duco Cement is manufactured by E. I. DuPont de Nemours and Co., Wilmington, 
Delaware. 

6 General Electric Corp., Germicidal Lamp GI15TS8. 
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Fic. 4. A view of a Typical Feeding Apparatus. In this photograph the apparatus is shown 
from above with the membrane and ret wning ring in place A meal of hemolyzed blood has 
been introduced into the meal chamber and the two needle plugs h ive been pl iced In posi 
tion. In use, the apparatus would next be suspended in a water bath at 37.0°C., prior to the 
iddition of the arthropods to be fed. X 05 


these membranes may be re-used, that they show no microscopic evidence of 
puncture by the louse, and that no leaks have occurred during feeding using 
some 3,000 cm.? of membrane with some 5,300 lice et seq. 

Figure 3 shows a typical feeding apparatus. Its acrylic plastic or stainless steel 
base has a wafer-shaped central depression entered from below by two needles. 
The membrane is sealed with a thin layer of petrolatum to the elevated surround 
ing area. This forms the shallow meal chamber. Application of the petrolatum is 
greatly facilitated if the apparatus is first warmed and if the material is applied 
with a cotton-tipped applicator stick. 

The meal, with its volume of approximately 1.5 ml., is introduced through one 


needle, as air is removed by syringe from the other. Any trapped air is dislodged 


by tilting the chamber and tapping the membrane with a finger. No attempt is 


made to place the meal in the chamber under pressure. Following injection of 
the meal, the syringes are removed and the needles closed with commercial 
needle plugs’. Sterile technic may be used as necessary. 

Plastic or any convenient material may be used for the retaining ring and sides, 
provided that the inner surface of the former is very smooth and clean, to prevent 
the escape of lice. When ticks are fed with this apparatus (infra), it is necessary 
to enclose the feeding arena with bolting silk. 

A copper-constantan thermopile has been used to determine the meal and 
membrane surface temperatures obtained with a water bath temperature of 
37.0 + 0.1°C. and an ambient temperature of 27.5°C. Under these conditions, 
the meal temperature was found to be 35.6°C. With the junctions of the ther- 


mopile lying on the surface of a 23 micron membrane, either with or without a 


Number 417A, supplied by Beeton, Dickenson and Co., Rutherford, N. J 
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1 mm. covering layer of modeling clay, a temperature of 34.4°C. was observed. 
These determinations were made using a meal chamber with an acrylic bottom 
approximately 1.0 mm. in thickness. 

Source of lice. The lice used in these studies were obtained from the labora- 
tory’s colony, maintained for four years on human subjects and for five years on 
rabbits. 


FEEDING RESULTS WITH LICE 


The following section outlines the successful results of feeding thousands of 
lice through scores of membranes. Additional comments are to be found in the 
discussion. 

A meal of sterile, defibrinated human blood, hemolyzed by one cycle of freez- 
ing to — 15°C. has been used most frequently. Heparinized rabbit and human 
blood, human serum, distilled, demineralized water, sucrose PG (Bovarnick 
et al., 1950), and 0.85 per cent saline have also been used on occasion. Feeding of 
newly hatched lice has not been observed with membranes of ‘estimated thick- 
nesses”’ of 40 microns and more. With estimated thicknesses of approximately 
25 microns and less, active unfed nymphs have fed on all of the above meals in 
one hour in percentages of approximately 80 to 100. Using 20 to 23 micron 
membranes, one-hour feeding percentages decreased with age to approximately 
50 per cent in the adults of both sexes. The majority of lice feeding did so in the 
first 15 to 20 minutes, although successful penetration was frequently accom- 
plished only after many unsuccessful attempts. The amount of meal taken did 
not appear grossly to differ from that taken by similar lice on rabbits and man; 
nor did the degree of engorgement appear to vary with the composition of the 
meal, using those listed above. Repeated cultures on sheep blood agar of meals 
prepared and used sterilely have revealed only rare contaminants. 


Feeding has been observed with membrane surface temperatures of ap- 


proximately 32 to 39°C., but is most complete at approximately 34.4°C. Ambient 
temperatures above 30°C. gave erratic feeding results. These approached those 
normally observed when the same lice and apparatus were placed in an at- 
mosphere at 26-30°C. 

Behavior of the lice on the membranes has been very similar to that observed 
on the human skin. In particular, copulation and moulting have occured normally 


on the surface and egg laying has been rare. 


DISCUSSION 


Dimensional analysis. Many reports have been made of variously successful 
attempts to feed bloodsucking arthropods through animal and other mem- 
branes. Most of these contain but semiquantitative estimates as to the dimen- 
sional relationships between the skin and its structures, the mouthparts of the 
particular arthropod, and the membranes through which it was hoped that feed- 
ing would occur. The work presented in this paper demonstrates the usefulness 
of such determinations in the case of Pediculus humanus corporis. 

The lower limit in thickness of the horny layer of the human skin is stated to 
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be approximately 20 microns (Lever, 1949), with the papillary capillaries several 
times more distant from the surface. Reference to Table 1 clearly indicates, 
therefore, the function of the haustellum to be the tearing through of the horny 
layer, allowing the very delicate stylets to traverse the underlying layers to reach 
the more distant capillaries. In this connection, it is of interest that the louse is 
unable to feed through callused and otherwise thickened areas. That the newly 
hatched louse was unable to feed through membranes with an “estimated thick- 
ness” of 40 microns despite penetration by the haustellum, suggests that the 
stylets require a less tough medium for their passage. It is of interest that the 
data for haustellum length given in Table 1 reveal little or no increase in this 
dimension following three moults. In this connection, Hase (1931) noted ‘‘the 
fact that the head of Pediculus is relatively large in the first instar. ... He sug- 
gested that as lice at all stages must pierce skin and suck blood the length of 
mouthparts (and consequently to some extent of the head) could not be much less 
in the early instars than in the edult.’’ (Quoted from Buxton, 1938.) 

Choice of membrane materials. Gutta percha was chosen after a survey of many 
materials which could be obtained or prepared in sheet form. Commercial packag- 
ing films, including Saran*, Mylar’, cellophane, and polyethylene were found 
unsatisfactory because of their toughness, high tear resistance, and in most 
instances because of their thickness. Parafilm'’, a mixture of wax and rubber, 
when stretched by the method used with gutta percha, laid on gauze, and rinsed 
for a few seconds with diethyl ether gave feeding results very similar to those 
obtained with gutta percha. Although difficulties in producing a uniform mem- 
brane led to substitution with gutta percha, Parafilm membranes should defi- 
nitely be further investigated. Some feeding was also obtained with polyviny! 
chloride plastics, highly plasticized with dioctylphthalate and cast on sheets of 
stainless steel. Stickiness and difficulties in preparation led to termination of 
these experiments before a definitive evaluation could be made. 

The 20 x 12 gauze mesh size was selected as a compromise between the some- 
what smaller mesh satisfactory for the first instar and that most desirable with 
the adults. With too coarse a mesh, the insects are able to straddle only one 
strand; with too fine a mesh they do not investigate the interstices and hence 
do not feed. The bonding of the gauze to the gutta percha has been accomplished 
with several water-based adhesives which will adhere to the surface. Waterglass 
and gum arabic solutions have been used, but 5 per cent gelatine in water has 
given the best results. 

Design of apparatus. The importance of maintaining a temperature differential 
between the surfaces on which certain arthropods are experimentally fed and the 
ambient atmosphere has long been known, and has been noted also in this work. 
In designing a feeding apparatus, therefore, it is desirable, as far as possible, that 
heat be admitted only through the meal underlying the membrane. A number 
of previous types of apparatus have used narrow feeding tubes which allowed 

* Saran, TM, National Plastics Products Co., Odenton, Md 

’Mylar, TM, Fk. I. DuPont de Nemours and Co., Wilmington, Del. 

Parafilm, Grade M, is manufactured by the Marathon Corporation, Menasha, Wisc. 
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considerable heat transfer through their sides, thus permitting an undesirable 
increase in ambient temperature. The thin meal-chamber bottom in the present 
apparatus also greatly facilitates the desired transfer. 

Previous devices have also used meal chambers composed of such chemically 
active substances as copper and brass. Acrylic plastic and stainless steel have 
been used here to avoid such potential sources of biologically toxic substances. 
In all instars, the head and stylet lengths are approximately equal. In the adults, 
the head length is ca. 0.5 mm. 

The 0.5 mm. depth of the meal chamber is somewhat greater than that theo- 
retically required to allow unhindered extension of the mouthparts. This follows 
from a consideration of the length of the stylets. Since the stylets do not extend 
for their full length, the 0.5 mm. meal chamber depth is more than sufficient. 
Variations in the planeness of the membrane, however, make this desirable, and 
difficulties in feeding have been noted only with meals considerably more shallow 
than that used. This form of meal chamber also permits the use of small volumes 
of sterile meals, an advantage in many types of work. 

The overhang of the retaining ring above the edge of the meal chamber is 
another important feature of this apparatus (Figure 3). In feeding, both ticks 
and lice tend to do so in contact with, and under the edge of the arena in which 
they are placed. Without such an overhang, feeding is discouraged because 
the mouthparts penetrate the membrane at points not underlain by the meal 
chamber. If the overhang is much greater than that shown, however, the arthro- 
pods are able to work their way beneath it to an undesirable extent. 

Comments on feeding. The repeated attempts made by the average louse prior 
to successful feeding are in sharp contrast to the one or more required on ap- 
propriate areas of the human skin. In this connection, the higher feeding per- 
centages achieved by the newly hatched nymphs are thought to be due in large 
part to their greater persistence as compared with older lice. Interpretation of 
feeding as a function of temperature, however, should be restricted because of 
the gradual change with temperature of the properties of the gutta percha. 

The provision of olfactory stimuli has not been found necessary, nor has any 
attempt been made to regulate ambient humidity. It is suggested that the ol- 
factory and humidity responses so precisely demonstrated by Wigglesworth 
(1941) are either of secondary importance in feeding or else function only in 
other areas of louse physiology. 


A pplications 


The development of these membranes makes possible certain studies in the 
physiology, nutrition, growth and development, and disease transmission of the 
human body louse which require the controlled conditions outlined above. They 
have already been used in the rearing and maintenance of two batches of lice 
through complete cycles of growth by feeding on meals of defibrinated human 
blood with and without the addition of 10 units each of penicillin and strep- 
tomycin per milliliter (Haddon, 1956). It is suggested that membranes of this 
type may prove similarly useful with ticks and with other hematophagous 
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arthropods. In this regard, it is noted that larval, nymphal, and adult Orni- 


thodoros turicata have been consistently fed with the above technics. With mem- 
branes of estimated thicknesses of 28 microns, feeding percentages in one and 
one-half to three hours have varied between 50 and 90 per cent. Similar results 
have been obtained with O. moubata. 


SUMMARY 


\ successful method of feeding the human body louse has been developed by 
using a gutta percha membrane of a thickness and texture adapted to the size 
and function of the mouthparts of this arthropod. The initiation of the feeding 
attempt was found to be a function of the surface character and ambient tem- 
perature, while feeding results were related to the instar and to the temperature 
and thickness of the membrane. These membranes may have many practical 
applications in the feeding of other arthropods, including the argasid ticks. 


ADDENDUM 


Subsequent to the preparation of this paper preliminary observations con 
cerning additional arthropods have been carried out. Using technics similar to 
those described for lice, high feeding percentages have also been obtained with 
all stages of the bedbug, Cimex lectularius, and with females of two strains of 
Aedes aegypti. These results suggest similarities in the physiology of feeding of 


these arthropods, despite their well known anatomical and behavioral differences. 
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THE MAINTENANCE OF THE HUMAN BODY LOUSE PEDICULUS 
HUMANUS CORPORIS THROUGH COMPLETE CYCLES OF 
GROWTH BY SERIAL FEEDING THROUGH ARTIFICIAL MEM- 
BRANES' 


WILLIAM HADDON, Jr? 


The De partment of Vicrobiology. Harvard Univeristy School of Public Health. Boston 14, 
Massac h usetis 


Certain investigations involving the human body louse and the pathogens 
which it transmits have long been hampered by the inadequacy of the available 
technies. Although lice have been reared on rabbits and through membranes of 
chick and human skin during recent years, these methods use meals which are 
difficult to control or which are contaminated to an unknown extent by the 
membranes with which they are in contact. With the development of artificial 
membranes for the feeding of this arthropod (Haddon, 1956) it has become pos- 
sible to conduct studies previously difficult or impossible. 

The present paper describes the maintenance of two batches of lice through 
two complete cycles of growth in one instance and through one and a half cycles 
in the second, by serial feeding through artificial membranes on hemolyzed, 
defibrinated human blood. 


MATERIALS AND METHODS 


The apparatus, membrane materials and methods have been described in 


detail in a previous paper (Haddon, 1956). The membranes, which were used 
but once, were composed of 20 x 12 mesh per inch (7.9 x 4.7 per em.) gauze bonded 
with gelatine to sheets of gutta percha with an ‘estimated thickness” of 23 
microns. These bridged 0.5 mm. deep meal chambers entered by two needles and 
heated through their thin bottoms by an underlying waterbath maintained at 
37.0°C. Immediately following use, the meal chambers were washed with soap*, 
rinsed with tap water, and either autoclaved or, in the case of plastic chambers, 
heated to 65°C. for one hour. Membranes were “‘sterilized”’ by placement 50 cm. 
from a 15 watt ultraviolet lamp‘ for one half hour or more. Ambient temper- 
atures of 26 to 30°C. were used throughout, when necessary with the aid of a 
refrigerated incubator. 

In Experiment I, fresh, sterile, defibrinated, group O, Rh negative human blood 
was divided into 2 ml. lots and hemolyzed by freezing to —15°C. Individual 


This work was supported in part by research grants from the National Foundation for 
Infantile Paralysis, the Division of Research Grants of the National Institutes of Health, 
U.S. Public Health Service, £553(C2), and the Research Laboratories of Chas. Pfizer and 
Co Ine 
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Paralysis 
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vials were thawed as needed. In Experiment II, blood from the same donor was 
treated similarly except for the addition of 1.0 ml. of the same blood containing 
2,500 units each of potassium penicillin G and streptomycin sulfate to each 250 
ml. of defibrinated blood. Following thorough mixing, the resultant solution, 
containing 10 units each of penicillin and streptomycin per milliliter, was handled 
as before. Sterile precautions were used throughout in each case; and the meals, 
until the completion of one generation in each experiment, were cultured rou- 
tinely on sheep blood agar before and after use. 

The lice used in Experiment I were picked as unfed first stage nymphs from 
the laboratory’s rabbit fed colony. Those used in Experiment II were unfed 
nymphs hatched from 0 to 24 hours previously from eggs laid on cloth pads 
segregated approximately 9 days earlier. In each experiment the lice which did 
not engorge during the first feeding period were discarded. Between feedings, 
eggs, nymphs, and adults were maintained on cloth pads at a temperature of 
30°C. and a relative humidity of 60 per cent (corresponding to a saturation de- 
ficiency of 13 mm. Hg.). 

Gut slides were made by teasing apart the mid-gut in sucrose PG (Bovarnick 
et al., 1950) after its exposure by dissection. Staining by Machiavello’s method 
followed. 

A routine feeding interval of 60 to 70 minutes was used. With the exception of 
an 18 hour period between the first and second feedings in Experiment I, anda 
corresponding nine hour period in the case of Experiment II, feedings were at 
approximately 12 hour intervals in each case. In Experiment I, this was con- 
tinued through day 31, following which the colony was fed once each day. Simi- 
larly, in Experiment II, once a day feeding was begun on day 16. 


RESULTS 


Figure 1 summarizes Experiment I. At zero time, 65 nymphs were permitted 
to feed. Of these, 54 (83%) engorged in one hour and were retained in the experi- 
ment. Among those retained, the over all nymphal mortality was 37 per cent, 
34 nymphs having successfully moulted to 18 males and 16 females. In the first 
generation, the period from hatching to the second stadium was three and one- 
half to five days, to the third, six and one-half to nine days, and to sexual ma- 
turity, ten and one-half to thirteen and one-half days. The first eggs were laid 
after twelve and one-half days, and the earliest second generation nymphs 
hatched on day 20. On the forty-eighth day, 21 of a group of 21 third generation 
nymphs were fed and the experiment terminated. Seventy-eight per cent of the 
eggs laid by the first generation, and 81 per cent of those laid by the second 
hatched. 

Figure 2 summarizes Experiment IT. At zero time, 63 nymphs were permitted 
to feed. Of these, 56 (89 %) engorged and were retained in the experiment. Among 
these, the over-all nymphal mortality was 30 per cent, with 39 nymphs moulting 
to 14 males and 25 females. The period from hatching to the second stadium was 
three and one-half to five days, to the third, six and one-half to eight days, and 
to sexual maturity, ten to thirteen and one-half days. The first eggs were laid 
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Fig. 1 Fic. 2 


Fic. 1. Survival and multiplication of lice fed serially through gutta percha membranes 
on meals of sterile, defibrinated, hemolyzed human blood. 

Fic. 2. Survival and multiplication of lice fed serially through gutta percha membranes 
on meals of sterile, defibrinated, hemolyzed human blood containing 10 units each of peni- 
cillin and streptomycin per milliliter. 


on day 12; and the earliest second generation nymphs hatched on day 21. 
Eighty-eight per cent of the eggs laid by the first generation adults hatched. 
The resultant nymphs were developing and feeding normally at the discon- 
tinuance of the experiment on day 27. 

No gross evidence of adaptation with respect to rapidity, completeness, per- 
centage or frequency of feeding of individual lice, or of lice in successive genera- 
tions was noted in either experiment. During a given feeding, approximately 
three-quarters of a group of second and third stage nymphs would feed. For this 
reason, the data given in Figures 1 and 2 are expressed as “‘surviving lice’’ rather 
than as lice feeding. No difference in longevity between males and females in the 
two experiments was noted. The production of eggs reached 3 per female per 
day on day 16 in Experiment I, and a level of 5 per female-day on the 14th day 
of Experiment IT. 

Microscopic examination of the guts of four adults removed from the colony 
in Experiment I on day 25, and of four adults removed on day 32 showed no 
identifiable bacteria. Similar results were obtained with four second generation 
nymphs and four first generation adults removed from Experiment IT on day 29. 
In addition, the cultures of the meals made before and after use showed only 
rare contaminants. 


DISCUSSION 


The data resulting from Experiments I and II are essentially identical. Both 
demonstrate the practicality of using the membranes and apparatus previously 
described (Haddon, 1956) in experiments requiring the serial feeding of the 
human body louse. Exacting statistical correlations, however, should not be made 
because of minor differences in feeding schedules and technic. 
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Each group of data also approximates those recorded from lice raised on the 
human skin. Thus, the duration of nymphal life in insects kept continuously on 
the human skin is recorded by Buxton (1946) as 8 to 9 days; ‘vith a period of 16 
to 19 days in insects removed from the body during the hours of sleep. The ten 
and one-half to thirteen and one-half and ten to thirteen and one-half days re- 
corded, respectively, in Experiments I and II, fall between these data despite 
feeding having been permitted only at twelve hour intervals. The egg laying 
rates also fall within normal limits, although 10 and more eggs per female-day 
have been recorded from lice kept continuously on the human skin (Nuttall, 
1917). Similarly, the percentages hatching (78 to 88%) compare favorably with 
the 79 per cent at 32°C. and 65% R.H., and 97 per cent at 29°C. and 60 per 
cent R.H. recorded by Leeson (1941). In addition, Buxton (1946) has found a 
38 per cent over-all nymphal mortality feeding lice through bolting silk overlying 
the human skin. This is to be compared with mortalities of 37 and 30 per cent 
among the lice retained in the two experiments outlined above. 

The significance of Experiment II lies in circumstances which, though of un- 
usual importance in research with the human louse, are also met with in con- 
nection with other hematophagous arthropods. It has long been known that 
experimental procedures involving the microscopic examination of preparations 
of the gut of the louse are often greatly complicated by the presence of contami- 
nating microorganisms. For example, Ricketts in 1910, reported that, “Strepto- 
cocci, staphylococci, an oval bacillus occurring in clusters, and certain solid 
staining bacilli are encountered irregularly and indifferently in the feces and 
intestinal contenis of both ‘normal’ and ‘infected’ lice.” It was necessary, how- 
ever, that any antibiotic introduced for the suppression of bacterial contaminants 
either in the meal or in the louse should not adversely affect either the louse or 
the rickettsial organisms which might be studied. The choice of 10 units each 
of penicillin and streptomycin per ml. was based upon Dr. S. D. Bell Jr.’s ob- 
servation (personal communication) that while such a level was not inhibitory 
to Rickettsia mooseri and R. prowazeki in human tissue culture, inhibition was 
noted at levels of 25 and more units of each. The response to meals containing 
these antibiotics of the transovarially passed organisms, whose presence in the 
mycetome adjacent to the gut has been stated to be essential for the survival 
of the louse (Aschner, 1934), could only be determined by experiment. Considera- 
tion of the above data reveals no apparent effect of these antibiotics, at uhe levels 
used, upon the growth and development of lice. It remains to be determined 
whether rickettsiae will develop in lice fed on such a meal, and whether these 
antibiotics reach the tissues of the louse. In this connection, it is of interest to 
note that the polycyclic molecule of sodium fluoresceinate begins to diffuse 
throughout the body and appendages of the louse within a matter of a few 
minutes or less following its ingestion in an appropriate meal. It is noted also 
that Dr. H. 8. Fuller (pers. communic.) fed lice on rabbits which had received 
varying doses of penicillin and streptomycin. These lice survived, and had guts 
which were free of bacteria by microscopic examination. No data are available, 
however, as to the levels of antibiotics which were received by the lice. 

The above experiments indicate the possibility of certain investigations. In 
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addition to those concerned with the normal nutrition and physiology of the 
louse, studies relating the total composition of the meal to the development of 
microorganisms within the insect now seem possible. The louse’s unusually short 
developmental cycle of approximately three weeks and its acceptance of meals 
with compositions ranging from distilled water to normal saline and human blood 
(Haddon, 1956) should greatly facilitate such investigations. 


SUMMARY 


Two colonies of normal human body lice have been successfully raised by 
serial feeding through artificial membranes on meals of sterile, defibrinated, 
hemolyzed human blood, with and without the addition of 10 units each of peni- 
cillin and streptomycin per milliliter. In the first instance the experiment was 
terminated after forty-eight days, when third generation nymphs were hatching 
and feeding. In the second experiment, second generation nymphs were feeding 
and developing normally at the time of its discontinuance on day 27. 


ADDENDUM 


An interesting and extensive paper by Puchta (1955) concerning the feeding 
of the human body louse has come to the author’s attention too late for citation 
above. It includes reports of several nutritional experiments performed with the 
aid of membranes of mouse epidermis used in a glass and aluminum apparatus. 
Of particular note is Puchta’s conclusion that defibrinated, hemolyzed blood is 
not sufficient for the nourishment of lice and that it becomes toxic with storage. 
It is noted that the present author had no difficulty in feeding lice with a similar 
meal which had been stored for as long as six weeks at —15 to —20°C. 
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ADULT FLY PRODUCTION FROM GARBAGE CAN SITES AND 
PRIVY PITS IN THE LOWER RIO GRANDE VALLEY 


JOHN W. KILPATRICK anp MALEN D. BOGUE 
Communicable Disease Center, Public Health Service, Savannah, Georgia 


That flies will breed in garbage and in human excrement has long been an 
established fact. However, the significance of the substances as breeding media 
for disease vectors has not been fully amplified. The parallelism of flies and 
dysentery was recognized by Hippocrates in his statement “if the winters be 
dry and northerly, and the spring showery and southerly, the summer will neces- 
sarily be of a febrile character, and give rise to ophthalmies and dysenteries’’.' 
It is agreed by many current workers that house flies are important carriers of 
enteric infections. Numerous references have been quoted by Felsen (1945) and 
Bohart and Gressitt (1951) to show that most enteric diseases occur in warm 
weather during fly breeding seasons. With the onset of severe frost or cold 
weather, the flies are killed off and only sporadic outbreaks of diarrhea occur 
(generally institutional in nature) and these are due usually to human factors. 
Watt and Lindsay (1948) demonstrated that the control of flies in Hidaigo 
County, Texas, reduced the incidence of shigellosis in the towns concerned. 

Several investigations have been made to evaluate the importance of privy 
and garbage can fly-production in relation to fly densities within a community. 
Quarterman et al., (1949) observed in Savannah, Georgia, that approximately 
60 per cent of the garbage cans surveyed and over 90 per cent of the privies 
examined were producing flies. Twenty-five species were recorded as breeding 
in garbage cans. Howard (1900) recorded approximately 35 species breeding 
either in human feces or in privy pits. 

With renewed interest in municipal sanitation resulting from the widespread 
resistance of house flies to numerous chlorinated hydrocarbon insecticides, studies 
were conducted in the Lower Rio Grande Valley of Texas during the period 
October, 1951, through August, 1952, to determine quantitatively and qualita- 
tively the fly emergence from garbage can sites and privy pits. In this area pre- 
vailing temperatures are conducive to fly breeding and development throughout 
the year. Average maximum monthly temperatures, as recorded at the Browns- 
ville, Texas, Weather Station, ranged from 74.9° F. in December, 1951, to 92.2° 


F. in July, 1952. For the sarne months average minimum temperatures were 
57.0° and 75.0° F. respectively. 


PROCEDURE 


For the most part, study sites were located in the Latin-American areas of 
Pharr, Mission, Elsa, and Edcouch, Texas. Representative numbers of garbage 
can sites were located in Anglo-American sections of the communities but privy 
evaluations were necessarily confined to the Latin-American areas. A garbage 


' Adams, F.: The Genuine Works of Hippocrates. Sydenham Society 1849. 
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can site consisted of the ground surface immediately under and around the 
garbage containers, the latter being removed during the trapping period. The 
privy pits studied were of two types: (1) pits that had been abandoned and were 
covered to some extent with soil and (2) privy pits still in normal use. Many of 
the abandoned pits had been partially filled with garbage prior to this coverage. 

In evaluating fly emergence from privy pits (in normal use) the general pro- 
cedure was to seal all openings invo the pit with cardboard, masking tape, and 
banked earth. A spring-hinged cover was fitted over one of the seat holes in 
such a way that when closed no flies could enter or escape. A cone-type fly trap 
was properly fitted, hinged, and latched over the second hole in the privy seat. 
Adult flies collected in the trap were killed with a pyrethrum spray and were 
removed from the trap daily. 

An effective trap was devised to capture emerging flies from the soil surfaces 
under and around garbage containers and from abandoned privy pits. The legs 
of the trap were constructed from three wooden strips (5’ long, 1” by 2”) hinged 
120 degrees apart around the bottom side of a circular wooden block (6” diame- 
ter). A hole was cut in the center of the block, and a standard Mason jar ring 
was affixed to the top of the block in an inverted position so as to support a 
removable screen trap. A cape was fashioned from reinforced fiber and asphalt 
building paper to fit around the legs and wooden ring. In position, the legs of 
the trap were inserted several inches in the ground and the bottom edge of the 
trap was sealed by tamping soil over the edge of the cape. Emerging flies moved 
toward the single source of light at the apex of the trap and thus were captured 
in the screen trap. The trapping area beneath the cape covered approximately 
15 square feet. 

In evaluating fly production from the various media, every effort was made 
to prevent disturbance of the breeding areas. Neither the soil surfaces at garbage 
can sites nor the privy contents were disturbed in any way. 

RESULTS 

The data on emergence from active privy pits showed diversified results when 
comparing fly production from different towns. By far the largest emergence 
was obtained from privy pits in Elsa, Texas, where visual inspection of all privy 
pits in August 1951 revealed intense fly breeding in 75 per cent of the 320 privies 
in the town. A limited series of privy trappings from selected type privies in 
Elsa indicated that the depth of the pit or the amount of light entering the pit 
had little effect on the fly breeding potential of the privy (Table 1). This finding 
is in contrast to the observations of Patton (1931) who stated that fly oviposi- 
tion seldom occurs in completely dark privy pits with lighter areas of open pits 
receiving most of the fly eggs. It is interesting to note, however, that the lowest 
fly production, seven specimens, was recorded from one unit considered to be a 
“sanitary pit privy” and that a comparable unit, but without seat lids, pro- 
duced over 3,000 flies. Both privies were of the deep-dark classification. Data 
have indicated, and logically so, that the more readily accessible the pits are to 
flies, the more intense is the breeding. 





ADULT FLY PRODUCTION 


TABLE 1 

Adult fly emergence from individually selected type pit privies in Elsa, Texas. Emergence 
records obtained from October 8 to October $1, 1951, inclusive. Shallow: 0-2'; medium 

?.1'-6'; deep over 6’ below surface 

| | | 
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r'rap No. and Type 
of Privy Pit 


Musca domestica 
Callitroga macellaria 
Sarcophaga spp. 
Total emergence 


. Light, shallow 3,962; 0 
. Med. dark, med. | 8,665 20 
depth 
3. Med. dark, med. 
depth 
. Med. dark, med. 
depth 
5. Dark, med. depth 
. Dark, med. depth 
. Deep, dark 
(covered san. 
pit) 
8. Deep, dark (un 2, F : | 3,245 
covered san. 
pit) 


Grand total 28,671, 25 | : 1 1 | 262,15 3! 134) 9 |3797| 101) 16 33 ,037 
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3 | Fannia pusio 
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os on | Phaenicia pallescens 
_—Oo | Phaenicia sericata 
—oO | Phaenicia caeruleiviridis 
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coo | Ophyra aenescens 
wo | Sarcophagula spp. 


ae 9 = wo | Ophyra leucostoma 
~_ 
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Fly emergence from the privies in Elsa (Table 2, series 1 through 4) was pre- 
dominantly Musca domestica. However, substantial numbers of Sarcophagula 
spp. Fannia pusio group, and Hermetia illucens were also taken. Total produc- 
tion from the four series of trappings from the 33 privies sampled yielded 73,086 
flies composed of 24 separate species and/or families. Of these, 63,361 were 
house flies. Total average emergence per privy over an approximate three-week 
trapping period exceeded 2,200 flies. 

A direct contrast to the privy fly emergence data from Elsa will be noted in 
the data from Mission (Table 2, series 9 through 12). In Mission, few flies of 
any species emerged from the privy pits. A total of only 1,537 flies emerged 
from the 36 privies sampled. Twenty-one species were identified, of which 
Musca domestica, Fannia pusio group, and Drosophila spp. group comprised the 
majority. 

Emergence data from Pharr and Edcouch (Table 2, series 5-6 and 7-8 respec- 
tively), initially were low as compared with Elsa (mid-winter emergence) but 
increased substantially during early summer. Average emergence per privy for 
Pharr and Edecouch during December, 1951, was 22 and 67 flies respectively, 
compared with 1,233 and 790 flies respectively during July, 1952. Again the 
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TABLE 2 


Adult fly emergence from randomly selected pit privies in Elsa, Pharr, Edcouch, and Mission, 
Texas, 1951 and 1952 


Series number 


Dates 


Mis- | Mis- 


sion sion | sion 


Elsa Elsa 


Edcouch 


| 


oa | Edcouch 


No. of privies 7 5 18 


Number of flies 


Musca domestica 12,696 15,953 19,52415,188, 26 | 5,569 72 | 6 80 | 20 
Drosophila melano 

gaster 5 0 50 10 | 19 
Drosophila repleta 0.258 14 |140 
Fannia pusio group 2,562, 1,606) 2 230) 65 : 42| 9 
Hermetia illucens 46! 253) § 167, 1 2 
Ophyra aenescens : : ; 3) O 23 
5 18 
Sarcophaga spp 2 3 : 0 
Sarcophagula spp é 58s ) : 6 
Synthesiomyia nudi 

seta 19 11 
Other : 38 35 


Ophyra leucostoma 


Total 13 861/19, 300 24,166.15,759110 6,165539 | 6,319'763 |221 (318 
Average/privy 

(all spp) 1,733, 2,413; 2,417) 2,251| 22 1,233 67 | 790 95 | 44 | 18 
Average Musca 

domestica/privy..| 1,587; 1,994) 1,952 5 | 1,114) 9 778, 6 | 16} 


TABLE 3 


Fly emergence from abandoned privy pits in the Pharr, Texas, area 
during January and February, 1952 


escens 
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predominating species were Musca domestica, Fannia pusio group, Drosophila 
spp. group, and Ophyra leucostoma. 

A total of 3,614 flies was collected from nine tripod type traps operated over 
abandoned privy pits for periods of 13 to 34 days (Table 3). Of these approxi- 
mately 50 per cent were Sarcophaga spp., 14 per cent Musca domestica, 14 per 
cent Drosophila melanogaster, and 13 per cent Fannia pusio. Other species re- 
corded were Hermetia illucens, Ophyra leucostoma, O. aenescens, Callitroga macel- 
laria, Phaenicia pallescens, and Synthesiomyia spp. 

Additional emergence data were collected from 14 abandoned privy sites 
trapped for periods ranging from 1 to 8 days. However, despite the shorter 
trapping periods, greater numbers of Ophyra aenescens and Callitroga macellaria 
were obtained from these traps than from those operating for 13 to 34 days. 


TABLE 4 
Tabulation of fly species and total flies emerging each day from ground surface immediately 
under and around ‘‘approved’’ and ‘‘non-approved’’ type garbage cans, 
Mission and Pharr, Texas, December 1951 to March 1952, inclusive 
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Results of trappings from 124 approved garbage can sites? and from 56 non- 
approved sites* are shown in Table 4. One of the most striking features of the 
study was the large numbers of Phaenicia pallescens that emerged from ground 
surfaces under and around garbage containers. This species accounted for about 
96 per cent of the emerged flies. 


DISCUSSION 


Contrary to the observations of previous workers in the Hidalgo County area 
and the general opinion prior to 1950, exceedingly heavy M. domestica emergence 
was recorded from active privy pits. However, these privies had been treated in 
past seasons with various insecticides, including dieldrin (Elsa). It was also 
noted that treated privies were devoid of roaches and other arthropods, whereas 
in an adjacent untreated town where roaches, sow bugs, spiders, and other 
arthropods were very prevalent (Edcouch), house fly production was initially 
low. Later in the study, M. domestica production from privies in the untreated 
town (Edcouch) increased materially despite the continued prevalence of the 
previously mentioned arthropods. Although the presence of suspected house fly 
predators may be of some significance in partially controlling fly breeding and 
emergence from privy pits, it probably is not the only factor involved. 

A second factor responsible for the greater house fly breeding in Elsa privies 
as compared with those of the untreated towns might have been the elimination 
in privies of species which were not resistant to dieldrin, thereby eliminating 
competition between two or more dominant fly species. However, increased house 
fly breeding and emergence from untreated privies later in the study tended to 
repudiate this theory. 

A third, and probably a more valid assumption as to the cause of the heavy 
breeding in Elsa may be attributed to the resistance factor linked with a physio- 
logical change in house fly behavior. The general M. dumestica populations in 
the treated town (Elsa) were highly resistant to dieldrin, whereas house fly 
populations in the untreated areas (Edcouch and Pharr) initially were low in 
dieldrin resistance, the latter increasing to moderate levels with a concurrent 
increase in house fly production. These data are shown in Figure 1*. An increase 
in dieldrin resistance in the untreated towns may be attributed to fly migration 
since these areas were only one mile from the treated towns. 

Municipal sanitation in both treated and untreated areas was basically the 
same. Fly potential in the two areas was comparable; nevertheless, fly popula- 
tions, as determined by grill indices, were consistently higher in Elsa than in 
Edcouch. Workers in Phoenix, Arizona, and Charleston, West Virginia, also 
have observed increased M. domestica production from dieldrin-treated privies 
(Schoof and Siverly, 1954). 

These facts are of concern when viewed from the standpoint of enteric disease 


2 Approved indicates a metal container in good repair equipped with a tight fitting lid. 

3’ Nonapproved indicates other type garbage containers. 

‘ Resistance levels were determined by exposing adult flies to 50 mg./sq. ft. dieldrin 
deposits on plywood panels for 30-minute exposures. Mortalities based on 48-hour counts. 
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transmission and control. Investigations to date have involved only an evalua- 
tion of dieldrin-resistant house fly populations. The studies show that house fly 
breeding in privies appears to increase more or less in proportion to the develop- 
ment of dieldrin resistance. House flies in numbers as high as 7,328 specimens 
have been shown to emerge from one privy during a single week. Apparently 
dieldrin-resistant house flies are more capable of utilizing privy contents as 
breeding media or have developed a mechanism for increased survival in privies. 
If resistance to dieldrin is one of the major factors influencing privy fly breed- 
ing, there looms the danger that the same may be true for other chlorinated- 
hydrocarbon compounds. As house fly breeding in privies increases, so does the 
danger of increased bacillary dysentery and diarrhea transmission. The signifi- 
cance of these data indicates that further investigations are warranted to deter- 
mine the basis for the increased house fly production in treated privies. 

Abandoned privy pits, although producing more flies than garbage can sites, 
are not considered significant with regard to municipal fly populations due to 
their limited number. The use of these pits for garbage disposal undoubtedly 
influenced the amount and type of fly breeding. 

There was a wide variation in the number of flies emerging from individual 
garbage can sites, with emergence continuing over a considerable period of time. 
It was of interest that “approved” garbage can sites produced more flies than 
the “nonapproved”’ can sites, indicating that a standard garbage can in itself 
is not always sufficient to prevent fly breeding and larval migration. The method 
of preparing garbage for storage in the containers, the maintenance of the con- 
tainer and its proper coverage are factors which greatly influence the incidence 
and occurrence of fly breeding therein. 


SUMMARY 


Studies were conducted in the lower Rio Grande Valley of Texas to deter- 
mine the importance of fly production from privy pits and garbage can sites. 
House fly production from dieldrin-treated privies was shown to exceed greatly 
that found in untreated privies. Dieldrin resistance in M. domestica appeared 
to influence house fly breeding in privies more so than any other single observed 
factor, the emergence of M. domestica apparently increasing concurrently with 
the development of the resistance. The increased production of house flies in 
treated privies presents an important and immediate problem in the future 
prevention and spread of enteric diseases. Abandoned privy pits produced more 
flies than did garbage can sites but approximately 50 per cent of the emerging 
flies were Sarcophaga spp. 

At garbage can sites approximately 96 per cent of the flies produced were 
Phaenicia pallescens. Fly emergence was greater at “approved” can sites than 
at “non approved” sites, indicating that proper garbage handling within the 
containers is vital in preventing fly breeding in garbage containers. 
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Dr. Karl F. Meyer has written a very interesting and thought provoking article on the 
relation of animal diseases transmitted to man (zoonoses) and rural health. This paper was 
prepared at the request of the WHO secretariat for the technical session of the Seventh 
World Health Assembly, Geneva, Switzerland, May 14, 1954. The report stimulated con- 
siderable discussion and questions at that meeting. No doubt Dr. Meyer wrote the article 
with the idea of stressing a strong control theme to the Assembly which was convened to 
discuss world rural health problems. 

The booklet is written for the health administrator, especially those in areas of the world 
where little attention has been given to the zoonoses. Medical officers, epidemiologists, 
nurses, engineers, veterinarians, and public health scientists will all find the presentation 
interesting and in many instances it will stimulate a desire to obtain further information 
about the subjects discussed. 

The author has divided his subject into two broad sections: 1) the major zoonoses; 2) 
those of local or regional importance. Under the discussion of major zoonoses, he discusses 
anthrax, brucellosis, encephalitis, hydatidosis, leptospirosis, plague, Q fever, rabies, 
salmonellosis, trichinosis, bovine tuberculosis and tularemia. Charts depicting the epi- 
demiology of brucellosis, encephalitis, hydatidosis, leptospirosis, plague, Q fever, and 
rabies add to the value of the brief discussions. In fact a close study of the charts will give 
any medical scientist a summation of the known natural history of these diseases. 

The zoonoses of regional importance are presented as illustrations of special animal dis- 
eases of public health importance in different areas of the world. 

It is extremely difficult to designate the zoonoses in order of importance from a global 
point of view since they vary in impact from one world region to the other. Thus, trypano- 
somiasis, taeniasis and schistosomiasis are major health problems in some areas and are 
unknown in others. Other zoonoses characterized by their restricted geomedical occurrence 
are ectoparasitism, mycoses, glanders, Rift Valley fever and jungle yellow fever. 

Dr. Meyer concludes his succinct review with a section on administrative and control 
activities. This will be of especial interest to health officers who are charged with develop- 
ment of programs in rural areas. An excellent chart accompanies this discussion and sum- 
marizes the organization and integration of veterinary public health activities. 

James H. Srex.e 


Infant Nutrition in the Subtropics and Tropics, WHO Monograph Series No. 29. D. B. 
Jellife, M.D., M.R.C.P., D.C.H., D.T.M. & H., WHO Visiting Professor of Paediatrics, 
All-India Institute of Hygiene and Public Health, Calcutta. 237 pp., illustrated. Geneva, 
World Health Organization, 1955. $5.00 N. Y., Columbia Univ. Press, International 
Documents Service, 2960 Broadway, New York 27, N. Y. 
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This is not only an interesting and valuable review of infant-feeding practices in the 
sub-tropics and tropics but an illuminating guide to the principal diseases of nutritional 
origin which are prevalent in these same regions. Much of the material was obtained in an 
extensive survey carried out in 1953 and in the personal clinical experience of the author 
in the Sudan, Nigeria and Jamaica. An up-to-date citation of the pertinent literature adds 
to the value of the book, covering as it does British, continental and Far Eastern references 
not always familiar to American readers. 

Since the organization of material is largely geographical a considerable amount of repe- 
tition occurs. The effect nevertheless emphasizes the prevailing theme. The same unhappy 
stunting of growth, susceptibility to infections and infestations, nutritional diseases and 
high mortality result everywhere from the high carbohydrate, high roughage, low protein, 
low vitamin foods available to infants of weaning and post weaning age. 

A rather full discussion of methods of prevention of Kwashiorkor is presented since this 
is one of the major nutritional problems in the sub-tropics and tropics. The suggestions in 
this as in the other chapters dealing with improvement of infant feeding practices are 
eminently sound and are founded on the utilization of the foods and the culture of the peo- 
ples concerned. A critique of nutrition education as practiced in maternal and child health 
centers in all parts of the world adds spice and point to the whole discussion. There are 
appended several unusually interesting illustrations of feeding practices and sick children, 
some of the latter of the before and after variety. 

The book provides background, perspective and purpose for those who are concerned 
with the raising of the health level of the children of the tropical world and for all who 
realize the paramount role of nutrition in the lives of both young and old. 

Aanes Fay MorGan 


Kwashiorkor, by H. C. Trowell, O.B.E., M.D. (London, F.R.C.P., Physician, Mulago 
Hospital, Uganda Medical Dept., and Dept. of Medicine, Makerere College, Medical 
School, Kampala; J. N. P. Davis, M.D. (Bristol) Professor of Pathology, Makerere 
College Medical School, Kampala; and R. F. A. Dean, Ph.D. (Cambridge), M.R.C.P., 
Medical Research Council, Group for Research in Infantile Malnutrition, Kampala, 
Uganda. 308 pages, illustrated. Baltimore: Williams and Wilkins Co., 1955. Price $10.00. 
A clinician, a pathologist and a pediatrician, all engaged in a colonial medical service in 

East Africa, have collaborated in the preparation of this book which will now become the 

standard reference for kwashiorkor. This disease is often considered new. The authors indi- 

cate in their detailed history that the syndrome has been long known. A disease of wean- 
lings, described in Germany in 1906 and called MehlInahrschaden, now seems clearly an 
equivalent of kwashiorkor. The French in Indochina called a similar disease Bouiffissure 
d’Annam. In Yucatan another variant was called culebrilla. The present authors present the 
logical thesis that all these diseases have a common basis in a dietary deficiency of protein. 

Kwashiorkor—after the word with which West African natives sagaciously related the 

cause to a hasty succession of babies—is characterized by muscle wasting, edema, skin and 

hair changes, digestive failure and a large fatty liver. If untreated, the child dies. 

The authors have divided their treatise into three parts: clinical, pathological and a part 
describing the biochemistry and treatment. In addition, there is an extensive prologue de- 
scribing the global history of kwashiorkor and a shorter epilogue describing protein mal- 
nutrition in adults. The history of the disease moves with rare interest through 50 years. All 
the distractions and diversions to an understanding of a deficiency disease have been en- 
countered. Such a disease in the tropics will be attributed to worms, or protozoa or dysen- 
tery and finally called “‘pellagra’’ before at last it becomes clear that while tangible agents 
may contribute or modify the disease a little, the fundamental cause is a lack of something, 
an intangible agent. 

The authors correctly predict that few will read this book through. Despite its small size 
the book is long—too long. The clinical section especially is excessively wordy. The pathol - 
ogy part is well written and the interpretations are both conservative and related to the 
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most modern concepts. The liver changes are referred to the anatomical concepts of Elias, 
for example, which may send some readers searching for enlightenment. Many readers will 
be puzzled that the pathological material available for study is incomplete. 

It is a little astounding that the authors are obliged to say, ‘‘a thorough and systematic 
study of all the organs and tissues of the body in cases of kwashiorkor has not yet been 
made”’ (p. 127). Similarly in the discussion of treatment, ‘“‘various reasons, which must in 
clude the human necessity for the immediate rescue of the children from a dangerous condi- 
tion, seem usually to have prevented the trial of any one therapeutic agent at a time’’ (p. 
180). The authors indicate that only preliminary approaches to a truly comprehensive study 
of this disease have been made. 

Nevertheless this is the first definitive description of the epidemiology of kwashiorkor. 
It is the source book for medical research workers, whether in the tropics or not and it should 
be available for students both of tropical medicine and of nutrition. The book may serve to 
bring those tropic experts who still believe that tropical medicine is all parasites, rum, and 
voodoo, a little nearer to the recognition that nutritional disease is also significant. 

Georce V. MANN 


Man’s Mastery of Malaria by Paul F. Russell, M.D., M.P.H., of the Rockefeller Founda 
tion, 308 pp. illustrated with frontispiece in color. London, New York, Toronto: Oxford 
University Press, 1955. $6.00. 

Dr. Russell begins by stating that ‘“‘this is not a history of malaria.’’ We can excuse him, 
therefore, for carrying his speculations as to its origin no further back than the primates, 
although studies of the malaria of amphibians, reptiles and birds have long been offering 
us clues to some of the mysteries of the human disease which have been cleared up only in 
very recent years. However, history or not, it is unlikely that a more complete one will be 
written in our generation. It is the harvest of an immense amount of reading and research 
in original documents of bygone times, with reproductions of pages of some of the more 
interesting and less accessible ones. Few writers have gone rummaging in the past and have 
assembled so much lore in connection with this disease of ancient lineage and characteristic 
behavior. The volume of source material is immense, and the author has used a fine critical 
judgment in his selection. A carefully chosen list of references opens up some of his store 
houses of information to the reader interested in pursuing the matter further. 

The modern and factual story of malaria is brought up to date under the three great 
aspects of etiology, treatment and prevention. In the first two fields little now remains of 
the acrimonious controversies and skepticisms which within present memory threatened 
to convert the fight against malaria into a quarrel among malariologists. The author criti- 
cally examines the evolution and results of the effective modern methods of attack and 
attempts to apportion the credit for the decline of malaria in temperate zones over the last 
i100 years, between the so-called ‘‘natural’’ causes and the conscious efforts at control. It 
is this complicated balance of environmental, social and applied factors in every malaria 
situation which makes the study of malaria the best introduction we have to the under- 
standing of the ecology of parasitic diseases in general. 

The author ends on a note of indignation at the recent wave of criticism of modern 
disease prevention as an unbalancing factor in human ecology. For example, the death rate 
in Ceylon has recently been halved, mainly by successful antimalaria measures, without 
an appreciable reduction of the birth rate. There are neo-Malthusians who wonder whether 
it is defensible to save so many lives, only to lose them by starvation at some future time 
because of the resulting population pressure. All public health men, I think, will agree that 
purposely to allow the death rate to increase by stopping the control of important diseases 
would be a crime akin to that of poisoning wells. Dr. Russell does not think it makes sense 
to argue that we should kill people off because they might eventually die of the results of 
overcrowding. We ought at least to await the hypothetical event on the chance that it may 
be anticipated by the hydrogen bomb, or possibly may never occur at all. 

L. W. Hackerr 
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Malaria, a World Problem. By E. J. Pampana, M.D., Chief, Malaria Section, WHO; and 
P. F. Russell, M.D., M.P.H., Division of Medicine and Public Health, Rockefeller 
Foundation, New York, N. Y., WHO Malaria Consultant. Geneva: WHO, 72 pp. illus. 
1955, 3/6, $0.70, Sw. fr. 2, (paper). 

This is a useful exposition in some 65 pp. of the continuing importance of malaria and 
the steps now being taken to control it and even eliminate it where circumstances permit. 
The material is drawn entirely from WHO experience and activities, but it gives a very 
comprehensive idea of the present status of the malaria problem in the world. Both the 
obstacles to world-wide eradication of the parasite (not the mosquito) and the implications 
of success in this ambitious plan are dealt with at the conclusion of the publication. Re- 
moval of the burden of malaria will bring about important social and economic betterments 
without question; it will in many instances increase the population pressure. Will the poten- 
tial natural resources of the world stand the strain? The authors reach the only rational 
conclusion, that the answer to that question is not so clear as to justify withholding modern 
methods of curing and preventing disease. Many vital scientific discoveries offer the possi- 
bilities of great good or of great evil, depending upon their application. To see that they are 
used aright is not a problem of science—it is the duty of the people and their spokesmen and 
representatives. 

L. W. Hackett 


The Natural History of Tsetse Flies, An Account of the Biology of the Genus Glossina 
(Diptera) by Patrick A. Buxton, C.M.G., F.R.S., London School of Hygiene and Trop- 
ical Medicine. xx + 816 pp. with 47 plates and 165 text figures. London: H. K. Lewis and 
Co. Ltd., 1955, price £4.4s. 

This volume presents a most thorough, comprehensive and modern discussion of the 
vast literature and experience with reference to tsetse flies. It is a monument to the im- 
portance of tsetse flies as vectors of infections of man and animals which have retarded 
the effective social and economic development of much of Africa. Comparison with earlier 
monographs in this field indicates the tremendous advances that have been made and the 
outstanding organizational and interpretive contribution of the author. This book is not 
designed as a quick source of superficial knowledge for the casual reader but rather provides 
a most comprehensive and detailed consideration of every facet of the subject for students 
and professionals concerned with this or related problems. 

The approach has been to associate field and laboratory observations so that they are 
complementary rather than divorced. Generalities applying to all species are fully de- 
veloped and facts peculiar to individual fly species, vegetation, fauna, climate or area are 
differentiated. Similar considerations are clearly delineated in succeeding chapters on such 
diversified subjects as metabolism, sources of food, control and relation to disease. The 
willingness to indicate deficiencies in specific knowledge or inadequacy of study is useful 
and valid. 

The history of many points of argument and discrepancy in the literature is reviewed 
and in most instances clarification is achieved. The author succeeds in his objective of re- 
lating studies of the living tsetse to the epidemiology of human and animal disease due to 
trypanosomes. 

The numerous maps prepared by H. D. Leeson are particularly useful in clarifying geo- 
graphical distribution discrepancies. The well-chosen series of 47 photographic plates 
adds much to the book in illustrating text discussion, and offers most valuable visual con- 
cepts to persons unfamiliar with the range of ecological habitats involved in this problem. 
The index is most useful for locating specific information within this extensive volume. 
This must be considered one of the most comprehensive and interpretative compilations 
ever prepared on a specific insect population. The author is to be commended most highly 
for his contribution. 

W. C. REEVEs 
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Mosquitoes of North America (North of Mexico) by Stanley J. Carpenter and Walter J. 
LaCasse. 360 pp. with 127 plates and 288 text figures. Berkeley and Los Angeles: Univer- 
sity of California Press, 1955. $10.00 
This book is a detailed, modern taxonomic consideration of the mosquito fauna of North 

America. It is the most valuable contribution of its type published to date on the mos- 
quitoes of this region. The illustrations of details of morphology and full plate illustrations 
of females of selected species are outstanding and invaluable. The publisher’s presentation 
is excellent. The taxonomic sections, including detailed descriptions, illustrations and keys, 
are very well organized and complete. Every effort has been made to present material so 
it will be convenient to the workers concerned with mosquito identification. The index is 
systematic, allowing ready reference to species and taxonomic groupings. 

It should be emphasized that this is not a definitive work on the biology or medical im 
portance of mosquitoes, and the authors make no such claim in the text, although the 
publisher does on the book jacket. A more complete development of these areas of knowl- 
edge would have been valuable. The bibliography of 770 references extends into 1953 and 
indicates that much of the literature on the biology and disease relationships of mosquitoes 
was reviewed. Numerous references in the bibliography are not mentioned in the text, and 
the reader cannot easily determine the basis for selection or omission. As the authors in- 
clude specific sections on the medical importance and bionomics of each species, the casual 
reader or beginning student should be cautioned that these are generally brief, objective 
summaries and do not comprehensively cover the complete knowledge available. Specifi- 
cally, detailed or complete consideration is not given to the experimental vector ability 
or the relationships to vertebrate hosts of the encephalitis vectors. As an example, it is not 
mentioned that Aedes verans has been found naturally infected with Western equine en- 
cephalitis virus and is a laboratory vector of several viruses. Other species are referred to 
as being naturally infected, but there is no indication of their vector ability nor interpreta- 
tion of their epidemiological significance. Discussion of mosquitoes as vectors of avian 
malarias is incomplete, although its inclusion is pertinent to the interpretation of the med- 
ical significance of finding Anopheles crucians and even Anopheles quadrimaculatus naturally 
infected with malaria. Sections on the biology of some of the more important species could 
have been expanded and documented more extensively. Specific control problems or tech- 
niques associated with important species are omitted, and the bibliography on the subject 
is limited. Indexing is solely to species and other taxonomic groupings. 

The limitations mentioned do not detract from the primary purpose and value of the 
book, and the authors are to be commended for achieving their primary objective of pre- 
paring an outstanding systematic contribution, summaries of geographical distribution 
and introduction to the fundamentals of culicidology. This volume will replace or comple- 
ment the previous publications in this field in the libraries of all mosquito workers. 

W. C. ReEEvEs 


DDT das Insektizid Dichlordiphenyltrichlorithan und seine Bedeutung. Vol. 1. Paul 
Miller, ed., and authors P. Miiller, Basel; V. B. Wigglesworth, Cambridge; E. Bernfus, 
Wien; O. Wilchli, St. Gallen; V. Butovitsch, Bromma. 299 pp. (In German) Basel, Verlag 
Birkhauser, 1955. SFr. 37.50; paper, S.Fr. or D.M. 33.30. 

This volume edited by a Nobel prize winner in medicine and the discoverer of DDT, 
Dr. Paul Miiller, is the first of three volumes dealing with the many aspects of this remark- 
able insecticidal chemical. The book is divided into five parts. 

Part I, by Dr. Miiller, presents in detail the studies leading to the discovery of DDT as 
an insecticide. The chemical and physical properties of DDT, proof of its structure, and 
methods—both chemical and biological—for its determination are fully described. 

Part II deals with the mode of action of DDT on insects by the internationally recognized 
insect physiologist, Professor V. B. Wigglesworth of Cambridge University. This section 
is in English, the others are all in German with an English summary. Entry of DDT through 
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the insect cuticle, distribution within the body, symptoms of poisoning, action of DDT on 
the nervous system, metabolism of DDT and acquired resistance are all discussed in a full 
and comprehensive manner. 

Part III, by E. Bernfus of Vienna, concerns itself with the value of DDT for the protec- 
tion of cereal and grains from insect attack. Much of this section deals with the author’s 
experience in his own country in treating grain with a commercial DDT preparation. 

Part IV, by O. Wiilchli of Vienna, is an account, with illustrations, of insects attacking 
textiles, especially wool, and the usefulness of DDT for protecting woolens from insect 
pests. 

The final part by V. Butovitsch, Stockholm, an authority on forest insects, deals with 
various insects attacking forests and the behavior of insects towards DDT. Large scale 
field operations in Sweden, applying DDT by aircraft to control those forest insects against 
which it is effective and the effect of DDT on forest fauna, are presented in considerable 
detail. Each part is followed by extensive literature citations. Titles of approximately 1,000 
articles are listed, indicating the thoroughness with which the literature has been reviewed 
on the topics under discussion. 

Volume IT, scheduled to appear in 1956, will cover the veterinary and medical uses of 
DDT. Volume III will concern itself with the use of DDT against agricultural insects and 
its future possibilities. 


H. L. Hatter 


The Halogenated Aliphatic, Oletinic, Cyclic, Aromatic, and Aliphatic-Aromatic Hydro- 
carbons Including the Halogenated Insecticides, Their Toxicity and Potential Dangers 
By W. F. von Oettingen, M.D., Ph.D., National Institutes of Health, National Institute 
of Arthritis and Metabolic Diseases. Public Health Service Publication No. 414. 430 pp. 
Washington: Superintendent of Documents, U. 8. Government Printing Office, 1955, 
$2.50. 


This volume represents a review of most of the important information that is available, 


at the present time, concerning the chemistry, analytical procedures, potential uses, in- 
vestigative toxicology, clinical toxicology and the prophylaxis and treatment of poisonings 
by the new halogenated aliphatic hydrocarbons as well as certain cyclic and aromatic hy- 
drocarbons. The book is indexed in a manner that is useful to both the chemist and the clini- 
cian. Although many of these compounds are not in every day household use, most of them 
represent real or potential hazards in industry and it can be anticipated that this book 
may become even more useful as these substances become more common. The information 
that is presented is factual and it is obvious that critical judgment has been exercised in 
reviewing the references. The book is well written and the subject is presented in an orderly 
manner. The material presented in this book should be useful to the chemist, the indus- 
trial hygienist and the physician. It is essential in the library of the medical department of 
any chemical industry. 
FRANK PRINCI 


Biochemical Determinants of Microbial Diseases, Harvard University Monographsin Medi- 
cine and Public Health, Number 13, by Rene J. Dubos, The Rockefeller Institute for 
Medical Research. 152 pages. Cambridge, Mass., Harvard University Press, 1954. Price 
$3.50. 

It is approximately 10 years since Dubos’ modern microbiological classic ‘“The Bacterial 
Cell’’ was published. That book brought together much information but of greater impor- 
tance expressed the author’s advanced ideas about the relationship of cell properties and 
components to problems of infection and specific immunity. The present monograph is 
written from the viewpoint of the interaction between host and agent and indicates the 
shift in emphasis that has occurred in the study of pathogenesis of infectious processes. The 
author is one of the most provocative workers and thinkers in the whole field of medicine 
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and he has had a large and beneficial influence on microbiological thought. In part this is due 
to his great skill as an investigator, but perhaps equally to his boldness in speculating on the 
results of his own work and that of others. 

The present volume presents a host of unanswered problems in the pathogenesis of infec 
tious diseases. It plays down the role of specific antigen-antibody reactions and concentrates 
on the poorly understood biochemical alterations in the local environment of the infection 
as they may affect both the host and the microbe. 

Many of the problems discussed emanate from the failure of M. tuberculosis to obey the 
classical dictates of immunological theory. The work of Dubos and his associates has cast 
a good deal of light on the behavior of this organism both in vitro and in vivo—but there 
remain many long dark shadows. Indeed M. tuberculosis within a caseous lesion still re 
minds one of Sir Winston Churchill’s pithy comment on another situation, ‘‘a riddle wrapped 
in a mystery inside an enigma.”’ 

Courn M. MacLrop 


Mental Hygiene in Public Health by Paul V. Lemkau, M.D., Professor of Public Health 
Administration, Division of Mental Hygiene, School of Hygiene and Public Health, 
Johns Hopkins University (on leave as Director of Mental Health Services, New York 
City Community Health Board). Second Edition, 486 pages, New York, McGraw-Hill 
Book Company, 1955. $8.00. 

This is an excellent presentation of the role of mental hygiene of the individual in public 
health programs. The book is very comprehensive and is presented in two parts. The first 
part discusses the place of mental hygiene in public health and the second the development 
of the individual in our society. Slightly more than twice the space is devoted to the second 
part (255 pages). The author comments on the need for generalizations in the field so we 
may build up a valid body of knowledge on the public health aspects of mental illness. 
He comments on the difficulties in making generalizations on studies of the development of 
individuals. 

Dr. Lemkau points out that the environmental stresses working on any individual may 
be modified in many instances, and that personality structure may also be modified but 
that this latter is a more prolonged and difficult task. 

He discusses the prevention of mental illness as consisting of several factors among them 
the promotion of mental and general health, the prevention of brain damage, and prepa 
ration of persons to meet stresses. He states this preparation must be of two types: 1. the 
preparation to meet generalized and non-predictable stresses and, 2. preparation to meet 
expected stresses. He cites entry into military service as one type of expected and pre- 
dictable stress that people might be prepared to meet. 

He discusses the personnel needed to operate a mental health program and includes the 
standard ones of the psychiatrist, social worker, psychologist and mental health nurse. 

There is an excellent chapter on techniques of changing attitudes of people with discus 
sion of the use of educational methods such as pamphlets, posters, newspapers, television, 
lectures, discussion groups, etc. This section will be of great help to the neophyte field. 

The author presents briefly the organization of mental health programs in several coun- 
tries. He then discusses the organization of national, state and local mental health services. 

The second and longest section of the book is on the development of the individual. He 
discusses the public health aspects of the physical, psychologic and chronologic development 
of individuals, starting with the prenatal period. One could quarrel with the way the author 
handles psychoanalytic concepts and his statements about what would be acceptable sup- 
port for analytic theories. I do not think selection of references to support his view could be 
regarded as among the most representative opinions in the field, but since this is basically a 
book on public and mental health and not a detailed discussion of the psychologic develop 
ment of an individual, this defect detracts little from the book. 

This book should have wide use among students in public health, whether professional 
or not, as it contains many of the orientations and beliefs of workers in the field of psy 
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chiatry and mental health concerning what these specialties can contribute to an overall 
public health program. In addition it has enough psychiatry in it to give the public health 
officer a kind of initial orientation to psychiatric and psychologic principles. There is not 
another book just like this in the field and the quality of the presentation is such that it fills 
a need in the curricula. I can, without hesitation, recommend this book to public health 
people interested in psychiatry and to psychiatrists interested in the public health aspects 
of our speciality. 
Jack R. Ewart 


The Rural Hospital, Its Structure and Organization (Also available in French) by Dr. 
R. F. Bridgman, Deputy Director of Health of the Department of the Seine, France; 
Chief Inspector of Health. 162 pp. illustrated. WHO Monograph Series No. 21. Geneva, 
World Health Organization, 1955. Price $4.00, £ 1, Sw. Fr. 12.00. Distributed by Colum- 
bia University Press, 2960 Broadway, New York 27, New York. (Clothbound) 

The over-all impression of this book is of a realistic approach to the rather complex 
problems of developing rural hospitals as part of a total medical-health program. Though 
much of the author’s material is aimed particularly at relatively undeveloped areas, the 
book should appeal to anyone concerned with the problems and potentialities of rural 
hospitals and coordinated hospital systems. Rural areas are carefully defined and various 
types of rural and urban communities contrasted to supplement his briefly worded defini- 
tion of a rural zone as ‘‘any area such that the time of transport to a built-up area of urban 
character would exceed one half hour, and the life of whose population is essentially linked 
with the working of the soil.”’ 

In his introduction and throughout the book Bridgman emphasizes the importance not 
only of economic factors, but also of the psychological, religious and cultural patterns. 
These play a significant role in all countries, but are often of special importance in under- 
developed areas. The discussion of changes in agricultural technology or industrial en- 
croachment which produce drastic changes in established rural patterns suggests the need 
for more coordination of approach by health workers and technical groups in other areas. 
Better health, better medical care and better economic status are all vitally interrelated. 

The problem which practically all rural areas, and not a few urban areas face of attract- 
ing doctors, nurses, midwives and technicians is raised several times. Various approaches 
to this problem are presented, but the author is too realistic to propose any simple and easy 
solution to one of the most complex of our problems. His discussion emphasizes the need 
for inclusion of the rural hospital within a coordinated system based on regional and sub- 
divisional hospital centers. 

The final section before his summary presents architecture and equipment for the rural 
hospital and while retaining a flexible approach offers considerable specific information 
which should well serve as a taking off point for more detailed consideration. In his sum- 
mary chapter the author seems somewhat divided in his opinion at this point between the 
administrative advantages of a rather tightly controlled and centralized system and the 
slower but often more solid development of local responsibility. With a treatise aimed at 
so many potential political and economically variable areas this division is, of course, in 
evitable. A bit more development of the author’s own ideas of approach to administration 
of rural hospitals than evidenced in this chapter would be worthwhile. Dr. Bridgman’s 
book provides a stimulating and thought provoking approach to an important problem 
area of hospital development. 

Keita O. Tayor. 


A Dictionary of Terms in Pharmacognosy and Other Divisions of Economic Botany, by 
George MacDonald Hocking, Ph.D., Professor of Pharmacognosy, Alabama Polytechnic 
Institute; Chairman, Subcommittee on Pharmacognosy, Committee on National For- 
mulary. 284 pp. Springfield, Illinois, Charles C. Thomas, 1955. Price, $9.75. 

This Dictionary of Plants of possible medicinal interest. is compiled by a Professor who 
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has served in Brazil, Pakistan and Pacific tropical areas as a consultant in this field. For 
specialists who may wish to characterize by examination natural substances from animal, 
vegetable or mineral sources this dictionary would prove to be invaluable. For others, in- 
cluding physicians and other scientists working in tropical areas (who are not economic 
botanists) it would be of occasional reference use only. 

The make-up, format, paper stock and general quality of publication comes up to the 
high standards of the Charles C. Thomas organization. 

Hamitton H. ANDERSON 


World Distribution of Spirochetal Diseases, 1. Yaws, Pinta, Bejel, Plate 15, American 

Geographical Society of New York, 1955. 

This is another plate of the Atlas of Diseases now being produced by the Society and is 
of the high standard of production that has characterized the previous maps. It might be 
suggested that the expression ‘“Treponematoses’’ would have been better than ‘‘Spirochetal 
Diseases’’. The general pattern of Map 1 is moderately accurate as present knowledge goes. 
The prevalence of yaws in Map 1 is divided into “‘under one per cent’’ and “‘one per cent and 
over”’ of the population. In Maps 3a, 4a and 5a, it is ‘‘under 30 per cent”’ and ‘30 per cent 
and over’’. It is possible that the data used in these three maps comprised active yaws to- 
gether with history latent cases—the latter is a very uncertain quantity. The associations 
drawn in the Maps 3, 4 and 5 might well be more apparent than real. As is pointed out in 
the epidemiological summary, ‘‘the disease is an expression of miserable living conditions’’. 
The ‘‘Remarks”’ on the Union of South Africa and Yugoslavia are surprising. 

There is a Map of pinta; and bejel, perhaps better called endemic or non-venereal syphi- 
lis, is shaded in by black dots on the world Map 1. No mention is made of endemic syphilis 
in the French Sudan, French Niger (AOF), or of reports of a similar disease in Gambia. 
In all maps there are data for rainfall and for temperatures, and some show soils and natural 
vegetation. Four photographs are printed on the plate: two of yaws; one of pinta (which is 
not very helpful); and one of ‘‘disseminated skin lesions’, presumably of endemic syphilis. 

Despite these remarks, the authors of the map are to be congratulated on what they have 
achieved, which carefully summarizes present data, unsatisfactory though they may be. A 
lot of sources of information under countries are given on the back of the map. 

C. J. Hackett 


World Distribution of Spirochetal Diseases. 2. Relapsing Fevers Louse-borne and Tick 
borne. American Geographical Society, Plate 16, Atlas of Diseases. New York, American 
Geographical Society. 1955. Price $1.25 folded; $1.50 flat. 

The relapsing fevers are divided, as usual, into louse-borne and tick-borne types. It is 
well stated that the epidemiology of the louse-borne type is similar to that of the louse- 
borne form of typhus. It is correctly stated that transmission by the louse is not by bite 
but through the medium of the crushed louse. In comparing the two types, it is stated that 
the tick-borne type is ‘‘more endemic in nature.’’ It is endemic, never epidemic. The state- 
ments that “infection occurs most often by the penetration of the spirochete through an 
abrasion of the skin”’ and that ‘‘transmission can also occur by bite”’ are misleading. For 
the most part, infection takes place through the medium of the secretions of the salivary 
glands while the tick is feeding. The general statement that: ‘‘One factor dominates the 
epidemiology—the transovarial transmission of the spirochete through several generations 
of ticks’”’ is unwarranted. In O. turicata, transovarial transmission (up to 100 per cent) has 
been shown. However, in O. hermsi it is only two to four per cent, and it has never been 
demonstrated in O. parkeri. In other species of Ornithodoros, the per cent transovarial trans- 
mission varies widely. In some cases a mammalian reservoir must be considered, and for 
O. moubata the mammal is probably man. It hardly seems justifiable to speak of ‘‘varieties”’ 
of ticks which are well recognized species. The comments on the influence of ecology are 
conjectural rather than factual. As a rule, these ticks do not live in the ‘crevices and fis- 
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sures”’ of the soil, but remain in close proximity to their hosts, some in dwellings, others in 
caves, and still others in burrows. 

The statement that relapsing fever was introduced into Israel in 1946 is incorrect. It was 
first reported in a letter to the Editor of The Lancet in 1936. The cases were traced to caves 
infested with O. tholozani (O. papillipes). It was not introduced. 

Without ticks of the genus Ornithodoros, there can be no endemic relapsing fever. How- 
ever, the map shows numerous areas of tick-borne relapsing fever from which these ticks 
have never been reported. Some such areas are Italy (O. coniceps is present but its normal 
host is pigeons), Sicily, Sardinia, Togoland, Ivory Coast, Hong Kong, French Indo-China, 
etc. The disease in Venezuela is reported as ‘‘presumably”’ tick-borne. There can be small 
doubt, as O. rudis, which is the recognized vector in Panama, Colombia and probably in 
Ecuador is present, and the disease in Venezuela has been reported as tick-borne for many 
years. 

The report is liberally documented, although one wonders why, under the United States, 
there was one reference to the disease in Texas and none to the considerable literature on 
the disease in California. A spot-check of a few of the cited references revealed that one 
referred to tick-borne typhus instead of to tick-borne relapsing fever. 

Gorpon E. Davis 
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MINUTES OF THE ANNUAL COUNCIL MEETINGS 


The annual business meetings of the Officers and Councilors were held at 
the Hotel Somerset, and were presided over by the President, William H. Ta- 
liaferro. The first meeting was held Wednesday morning, November 2, and the 
final meeting was held that evening. Officers and Councilors present were: Asa 
C. Chandler, Donald B. McMullen, Lewis W. Hackett, Edwin H. Lennette, 
G. Robert Coatney, Clay G. Huff, Samuel W. Simmons, Albert B. Sabin, 
Marshall C. Balfour, and Thomas H. Weller. Past-Presidents of the parent 
Societies, and the present Society, in attendance were: Hamilton H. Anderson, 
Justin M. Andrews, Ernest C. Faust, Wendell Gingrich, Henry E. Meleney, 
and Martin D. Young. 

The minutes of the third meeting held November 3-6, 1954 in Memphis, 
Tennessee were accepted as published in the March, 1955 issue of the JouRNAL. 

The Secretary’s report was presented as follows: 


This report covers the period from October 31, 1954 to October 15, 1955. Highlights of 
the year were: (1) procedures and nominations for the election of FeLLows, and (2) ar- 
rangements for the annual meeting. Other items of interest are included by number (3-8) 
below. 

(1) Procedures and Nominations for the Election of Fertows.—The Constitution and 
By-laws were amended last year to provide for Fe_Lows in the Society (see the Transac- 
tions, March, 1955 issue of the JourNAL). Since the matter of electing FELLows was dele- 
gated to the Officers and Councilors, an ad hoc Committee of the Council (Committee on 


350 





AMERICAN SOCIETY OF TROPICAL MEDICINE AND HYGIENE 351 


Society Organization) was activated to draw up recommendations. These were submitted 
to the Council for consideration and vote on April 25, 1955. All of the recommendations 
were approved by a large majority. One of the recommendations called for the election of 
the first 75 FeLLows during 1955 following the receipt of nominations from the active mem- 
bers of the Society. Accordingly, on June 15, 1955, a letter was sent to all active members 
explaining the procedures adopted by the Council. A nominating ballot was provided which 
listed the names of 68 eligible individuals. After explaining that the names of all eligible 
members could not be listed, members were requested to nominate not more than 75 indi- 
viduals, whether or not their names appeared among the 68 listed. Approximately one- 
third of the active members returned ballots before the deadline of September 15, and very 
few unfavorable comments were received by the Secretary-Treasurer as to the procedures 
adopted by the Council. On October 4, the Council members were sent the results of the 
balloting and were requested to cast their votes for the election of the first 75 FELLows. 
At the time of writing, the results of the voting by the Council were not known. 

(2) Annual Meeting.—General plans for the Boston meeting were initiated in mid-Janu- 
ary when the Program Committee agreed on certain events and scheduling (see report of 
this Committee below). The Council later approved the recommendations of the Committee 
and voted in favor of having one symposium. The topic selected was ‘“Newer Knowledge of 
Viral and Rickettsial Diseases,’’ and E. H. Lennette was selected as Moderator. The an- 
nouncement of the meeting, including the annual call for papers and a ballot for election 
of certain Officers and two Councilors, was mailed to each member on April 1, 1955. From 
that time until the opening of the meeting, the necessary arrangements were made by cor- 
respondence with the Local Committee, and various other committees and individuals. 

(3) Membership.—As of October 15, 1955, the Society had 1082 active members in good 
standing. Also, the rolls include 16 honorary members, 6 emeritus members, and 1 life 
member making a grand total of 1105 members in good standing. In addition, there are 115 
active members, delinquent in dues for 1955 (61), or for 1954 and 1955 (30), or for 1953, 
1954, and 1955 (24), who failed during the past year to respond to statements of dues sent 
on three occasions. As per ArTICLE XI of our By-laws, only those in arrears for three full 
years are dropped from the rolls. Therefore, with 1105 members in good standing, and 115 
members in arrears, we have a total membership of 1220. It is of interest that the number of 
members in good standing has remained fairly constant since the formation of the new So- 
ciety (1952: 1094; 1953: 1110; 1954: 1094; 1955: 1105). 

Included in the above total of 1082 active members in good standing are 60 new mem- 
bers elected after publication of the 1954 Transactions. The new members are as follows: 


BELLE, Epwarp A. 
BERNIERI, REMO 
BRUBAKER, MERLIN L. 
Cook, Hate H. 

Da Sriiva, Jose RopriIGuss 
DAUGHERTY, Jack W. 
Davis, W1rLLiaM A. 
DIMMETTE, RoBert M. 
EBBESEN, GERALD K. 
FERGUSON, FREDERICK F. 
Finck, Prerre A. 
FLANAGAN, C. LARKIN 
FLoyp, Tuomas M. 
FROBISHER, MARTIN 
Garson, SEYMOUR 
GERHARDT, CHARLES FE 
Gess, LowE.u A 
HAMMOND, JAMES BICKNELI 


Ho.pENRIED, ROBERT 
INGRAM, Rosert L. 
JENKINS, DaLe W. 
JoHNsoN, Cart M. 
JoHNSON, Rospert EF. 
JorGeE, JoAo Brito 
Kiock, Joun W. 
KNopPERS, ANTONIE T. 
Krupp, Iris M. 
LaMortsr, Louis C. 
LUTTERMOSER, GEORGE W. 
Marston, A.ice T. 
Moetscu, Joun C. 
Mya, MicHaEL 
NAUENBERG, ERNA 
NeEvA, FRANKLIN A. 
NorMAN, Lois 
OLEWILER, Dean B. 
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PacKER, HENRY SuHaFrer, Morris F. 
Parriso, Henry M SHERMAN, Harry J. 
PLetscu, DonaLp J. SMADEL, JosEPH E. 
RADER, VIRGINIA SMITHWICcK, GLADYS 
RapKE, Myron G SoLuiers, HELEN 

Rice, Pau L Tayrtor, Ropert T. 
Rocers, Ropney A Timmer, Gerarp J. 
Roucu, Jon H von Branp, THEODOR C. 
Ruiz-Gomez, SauLo Waks, JosE 

ScHNEIDER, HERMAN Wesster, Burnice Horie 
Scuwink, Tuomas M. Yunxer, Conran E. 
SEKANINA, JAN ZELLMANN, Henry E. 


The Secretary announces with regret the loss by death of 3 active members and one 
honorary member: 


JacoBson, FRANK J. Presson, Vira G. 
Mackie, Tuomas T. (Past-President of Martin, CHARLES, honorary member 
the ASTM, 1940-1941). 


The following submitted resignations: 


ALLEN, CuesteR D Mrres, Maynarp H. 
Cuapp, Ravpnu 8. Preuss, CHaRtes A. 
CoNWELL, Dona.p P. RirKin, HaRoup 
DanteLs, Wortu B. Roop, Donatp J. 
Dern, Raymonp J. 
EstiLLt, CHARLES 
Freas, Howarp M. 
GARTRELL, FrANcts E. 
GoLpINnG, FRANK C. 
HamMANN, Crecit B 
IcENOGLE, GroveER D. : 
KNEEDLER, WILLIAM HARDING Tuetrorp, Norman D. 
LunpeserG, Kart R. von Haam, H. EmMmericu 
MacDonatp, WrLuraM C. Wuorton, C. MERRILL 
McLesTerR, JamMEs B WILHELMI, RaymMonp W. 
Maaoon, Estus H Wiis, Wituarp H. 
Mason, Porter Kaun Youues, STANLEY F 


ScuiFFER, Davip 
Scott, James R. 
Sprince, HERBERT 
SPRINGALL, ARTHUR N. 
Stover, IRWIN 
Tatum, Artuur L. 


(4) Publishing of New Membership List and the Revised Constitution and By-laws.— 
The total membership list (as of September 20, 1954), including 1175 names, appeared in 
the January, 1955 issue, and the revised Constitution and By-laws appeared in the March, 
1955 issue of the JouRNAL. 

(5) Commemorative Medals.—As per Council action at Memphis, an order was placed 
for 50 additional medals commemorating the fiftieth anniversary of the founding of the 
AMERICAN Society oF Tropica Mepicine. Thirty-four of these were sold during the fiscal 
year which ended September 30, 1955 (see Treasurer’s report below). 

(6) Receipt of Academy Archives, Seal and Remaining Financial Assets.—The Society 
voted at Memphis to accept these items from the dissolved AMERICAN ACADEMY OF TROPICAL 
Mepictng. The archives and seal, received from Dr. Hinman, have been added to our 
archives, and the remaining financial assets (see Treasurer’s report below), received from 
Dr. Andrews, were deposited in our treasury. 

(7) Letters to the Officers and Councilors.—Six letters were sent during the period of this 
report. The first, February 7, concerned general plans for the Boston meeting. It was de- 
cided, by a majority vote, to open the meeting at noon on Wednesday with adjournment 
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Saturday noon, to have two periods for the Council meeting, and to schedule one symposium 
(‘‘Newer Knowledge of Viral and Rickettsial Diseases’’) with E. H. Lennette as Moderator. 
In a letter dated April 25, the Council was asked to vote on the recommendations of the 
Society Organization Committee for the election of FeLLows. All of the recommendations 
were approved by a large majority. These were as follows: (1) to qualify for fellowship, an 
active member must satisfy Arricie II, Section 7, of the Constitution, (2) the total num- 
b: + of Fettows shall not exceed 10 per cent of the active members; of this number, not 
more than 5 per cent are to be foreign members, (3) Officers and Councilors elected after 
1955, if not already so designated, become FELLows automatically, (4) FELLows will re- 
ceive a certificate (the format of which was decided by the Council), (5) in 1955, the first 
75 Fe.iows will be elected after nominations have been received from the entire member 
ship, and (6) in subsequent years a space will be provided on the annual ballot for the nom- 
ination of one FELLow and on the basis of the returns the Officers and Councilors will 
elect 5 FELLows per year until the maximum number has been selected. On May 18, the 
Council took the following unanimous actions: (1) re-elected the Secretary-Treasurer with 
the understanding that his resignation would be automatic after one additional year (1956) 
of service, (2) approved the appointment of a professional Assistant to the Editor at a 
monthly stipend (about $75.00) to be agreed upon by the Editor and Secretary-Treasurer, 
and (3) approved the suggestion that bound abstracts of the papers on the Boston program 
not be distributed out of financial considerations. On May 31, the fourth letter was sent, 
which concerned the dates for our 1956 meeting. The dates of October 31 through November 
3 were given unanimous approval. A fifth letter was sent on September 20 which called for 
a vote on the nomination for the Walter Reed Award, and a request was issued for items 
for the Boston Council meeting. A necessary favorable vote of two-thirds of the members 
of the Council was not obtained on the nomination for the award, so this matter was re- 
ferred back to the Committee on the award. On October 4, the sixth and final letter was 
sent. This concerned the vote of the Council for the election of the first 75 Fettows. In- 
cluded with this letter was an analysis of the nominations received from the membership. 
At the time of writing, the action of the Council was not known. 

(8) Other Activities —Those in connection with various committees will be presented 
below under the appropriate headings. 

Finally, the splendid cooperation of the Officers, Councilors, members of committees 
and others in transacting the business of the Society is hereby acknowledged with sincere 
thanks and appreciation. 

Respectfully submitted, 
Joun E. Larsa, Jr. 
Secretary 


The report of the Secretary was accepted as read. It was agreed that certain 
archives of the ASTM, now in the possession of E. C. Faust, should be for- 
warded to the Secretary-Treasurer for inclusion with the archives of the So- 
ciety. The Secretary-Treasurer was given permission to use his judgment in 
culling the materials received. 

The report of the Editor of the AMERICAN JOURNAL OF TROPICAL MEDICINE 
AND HYGIENE was presented as follows: 


Our Journal is in a healthy condition: it makes somewhat more money than it spends, 
and it has been receiving rather more manuscripts than it can conveniently publish. The 
financial status is shown in Table 1, where as an innovation the figures are brought as nearly 
up to date as possible by including the first four issues of 1955. In future reports the financial 
year of the Journal will be shifted to correspond with that of the Society (October 1- 
September 30) and will include 6 consecutive issues, though the Volume number will con- 
tinue to cover the calendar year as before. The change has been made on the advice of the 
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TABLE 1 


Financial statement for Volumes 2, 3, and 4, American Journal of 
Tropical Medicine and Hygiene 





j r Vol. 4 
Vol. 2 Vol. 3 Dia at = 
(1953) (1954) (4 issues, 1955)* 
| (estimated) 


Income: 
- a? | 

Paid subscriptions $18,961.28 | $18,613. | $12,325.65 

Credit for pages unused in previous year 868.14 620.18 


Total from subscriptions 19,829.45 19 , 233. | 12,325.65 
Space sales for advertising 3,404.3 2,821. 1,490.86 
Paid by contributors for extra pages 3,193.6: 2,183.24 | 2,736.32 
Net from reprint sales 153 627.39 | 549.57 
Back volume sales 513.36 590. 321 . 27 

Total income 27 094. 25,456.12 | 17,423 

Production cost 
Printing of text 16,219. 15,410. i} 10,152 
Printing of advertisements 1, 266. 891. 421. 
Distribution, overhead, etc. 4,221 4,151. 2,826. 


Total cost 21,707.; 20 , 453. 13,400. 
Surplus 5,387. 5,002.; 4,023 
Amt. accruing to ASTM&H (50%) 2,693 .5é 2,501.17 | 2,011.7 
Circulation and size: 
Number of paid subscriptions 
members 1,105 1,088 
nonmembers 1,298 1, 265 
Total subscriptions 2,403 2,353 
Pages 
text 1,166 1,128 
advertising 112 80 
Total pages 1,278 1,208 
\verage cost of printing a page of text 13.91 13.66 





* To bring the financial year of the Journal in line with that of the Society: Oct. 1 
sept. 30 


auditors, who felt that the former lag of eleven months in submitting Journal accounts was 
not businesslike or necessary. 

Apart from a small but continuous decrease in subscriptions, the only notable change 
disclosed by Table 1 is in the advertising, which has fallen off from 1824 pages per issue in 
1953, to 1344 pages in 1954 and 1114 pages in 1955. This has occurred in spite of the growth 
in size of the Journal and the general prosperity of business. Possibly our potential adver- 
tisers find it hard to evaluate us as a medium of publicity, since the Journal is difficult 
to classify as predominantly clinical, laboratory or public health. In spite of this we are 
financially sound and have a surplus of income over expenditure of slightly more than 
$2,000 for the first four issues this year. This derives not from paid subscriptions, which 
fall short by more than $1,000 of paying for the cost of production, but from other sources 
of revenue as follows: 
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(in round numbers) 
Loss from subscriptions $1,074 
Revenue from advertising (29%) ,491 
Revenue from extra pages (54%) 2,736 
Sales of back vols. and reprints (17%) 871 
Total surplus (50% to the Society) 4,024 


$5,098 $5,098 


Table 2 shows the flow of manuscripts in 1954 (Vol. 3) as compared with 1953. About 25 
per cent more manuscripts have been submitted during the first nine months of 1955 than 
in the same period of last year—123 as compared with 99 in January-September, 1954. Since 
in previous years some 40 additional manuscripts have ordinarily been received in the last 
quarter, we can anticipate a total for 1955 of about 160 papers, and a carry-over to 1956 of 
approximately 100 papers. We have never before had such a large backlog of unpublished 
manuscripts at the beginning of a year, enough to make up almost four numbers. This means 
that authors must wait at least 8 months to see their work in print, and in fact the average 
lag for the last 60 manuscripts published has been 8.7 months. These papers were all recom- 
mended for publication by one consultant or another as containing worthwhile material. 
An attempt is being made to abbreviate the waiting time by declining to accept papers 
considered marginal either because they are not squarely within one of our major fields of 
interest or because they do not compete in quality or importance with other papers received. 
Condensation is of course always urged upon authors and with encouraging results, for the 
average length of the 77 papers published through July of this year is 7.6 pages, as com- 
pared with 8 pages last year and 9 pages in 1950. It seems to the Editor that a Journal like 
ours which attempts to cover so many different fields, should aim to publish many short 
papers rather than a limited number of long ones. I know, however, that this policy has 
been criticized in certain quarters. The Editor gets almost no letters from members of the 
Society regarding the contents of the Journal; he would welcome critical comment on pub- 
lished material considered by readers not to be up to the standard which we should demand 
in our Journal. 

The fields covered by papers published during the last two years are shown in Table 3. 
It is to be noted that we are still very weak in one of the most important branches of tropical 
medicine—nutrition. As for the type of work reported, clinical medicine, epidemiology 
and laboratory investigation seem to occupy an overwhelming majority of our contributors. 
Plans are under way to publish at least two comprehensive review articles a year begin- 
ning in 1956, covering subjects of timely importance and written by outstanding experts. 

The Editor is happy to announce that Dr. Florence M. Frost has accepted the position 
of Assistant to the Editor. Dr. Frost studied at Wisconsin and the London School of Tropical 


TABLE 2 


Number and disposal of manuscripts submitted 


Manuscripts Vol. 2 (1953) Vol. 3 (1954) 

From previous year 63 90 
Submitted during year 

Declined 

Withdrawn 

Accepted 
Available for publication 
Published during year 
On hand for next volume 
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TABLE 3 
Subjects and approach of papers published by the Journal in 1954 and 1956 


Subjects 1954 | 1955 Approach | 1954 


Animal hosts and vectors 21 33 | Biology and taxonomy |} 4 
Bacteria and fungi 13 16 | Clinical (diagnosis and treatment) 37 
Deficiencies and nutrition ] 3 | Epidemiology and statistics 

Helminths 26 | 31 | Experimental—field 

Protozoa 48 | 28 | Experimental—laboratory 

Viruses and rickettsias 13 | Prevention and control 

General and miscellaneous 8 Others 


Total Total 


130 





Medicine, and taught parasitology and entomology at the University of California until 
her retirement. She is a Fellow of the Royal Society of Tropical Medicine and Hygiene and 
a member for 20 years of our own Society, well known to many of us. 
Respectfully submitted, 
L. W. Hackett 
Editor 


After a general discussion, the Editor’s report was accepted as read. 
The report of the Editor of Tropica, MepicinE AND HyGieNE News was 
presented as follows: 


No substantial changes have occurred in the management or policy of the News during 
1955. Our mailing list has remained the same, except for a few additions. The method of 
production has not been altered, and the issues have appeared generally at the end of the 
even-numbered months. 

We are greatly indebted to our advertisers, Burroughs Wellcome & Co., Chas. Pfizer 
and Co., and Winthrop-Stearns, Inc. for their continued patronage of our advertising 
space. Despite numerous and persistent attempts, we have not been able to arrange for 
additional advertising, but nevertheless, with the continued support of the American 
Foundation for Tropical Medicine, our finances are in good condition. The News should 
be able to maintain publication indefinitely with its present support. 

‘Health Hints for the Tropics” continues to be in demand, and we have distributed 
about 3,000 copies this year. A new printing is in progress in order to maintain our supply. 

With the December issue, I shall cease to have responsibility for the editing and manag 
ing of the News. I should like to express to you, the members of the Society, my thanks for 
the very cordial reception you have always given our issues. You have helped to make the 
News by your contributions to it, and you have helped to make the editorship a pleasant 
job by your kind expressions of interest. I know that my successor, Dr. Louis Olivier, will 
find equal compensation in the same way for his work in preparing the issues and handling 
the business of the bulletin of the Society. He will also take pleasure, as I have done, in 
dealing with the Editor of the Society and the Secretary-Treasurer, as well as with the 
other officers and councilors. 

Respectfully submitted, 
LEoNn JAcoBs 
Editor 
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This report was accepted as read. Following discussion, four separate motions 
were entered and passed: (1) the Editor was authorized to reset one page of 
“Health Hints for the Tropics,” so that recent regulations regarding immuniza- 
tions can be included, (2) Louis J. Olivier was approved to replace Leon Jacobs 
as Editor of the News beginning in 1956, (3) hereafter the Editor of the News 
is to be invited to attend the Council meetings, and (4) following acceptance 
of his resignation as Editor (effective Dec. 31, 1955), the thanks and apprecia- 
tion of the Council and Society were extended to Leon Jacobs for his valuable 
services to the Society. 

The Treasurer’s report was presented as follows: 


October 24, 1955 
The Officers and Councilors 


The American Society of 
Tropical Medicine and Hygiene 
Chapel Hill, North Carolina 


Gentlemen: 


The Balance Sheets at September 30, 1955 and the Statements of Cash Receipts and Dis- 
bursements for the year ended September 30, 1955 of the American Society of Tropical 
Medicine and Hygiene and of the Tropical Medicine and Hygiene News, have been reviewed 
and found in order. 

The cash receipts and disbursements were traced through the bank accounts. Cash in 
banks were confirmed directly from the Bank of Chapel Hill, Chapel Hill, North Carolina, 
and the Bank of Bethesda, Bethesda, Maryland. 

U.S. Savings bonds in the total amount of $20,198.00 were inspected and found to be in 
the name of the Society. 

The amount due from The Williams & Wilkins Company, publishers of The Journal, 
represents the estimated profits for the publication of the first four issues in 1955. This 
amount was confirmed directly from the publishers. 

As to membership dues, it was not practicable to extend the review beyond that receipts 
as reported on the books had been deposited in the Society’s bank account. The following 
is a comparative summary of the membership dues collected and payments to the publishers 
for subscriptions to The Journal: 


12 Months Ended 11 Months Ended 
Sept. 30, 1955 Sept. 30, 1954 
Dues Collected: 
1956 Prepayments $ 52.00 $ — 
Current Year 8,436.62 4,616.25 
Prior Years 242.00 40.00 


Total Dues Collected 5d $8 , 730.62 $4,656.25 


Payments to Publishers: 

1955 Report Exhibit B ; Las AS 6,630.00 

1954 Report Exhibit B ey 3,458.00 
Net Increase in Dues, Exclusive of Subscriptions to 

The Journal eee One ee vigioeaeaee < $2,100.62 $1,198.25 
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The increase in Retained Earnings for the year ended September 30, 1955 includes the 
following amounts due to a change from an annual calendar year reporting to a fiscal year 


ended September 30, 1955: 

Statements of Operations from The Williams & Wilkins Company: 
50% Profits for year ended December 31, 1954 
50% Profits for nine months ended September 30, 1955 


$2,501.17 
2,011.75 


Total $4,512.92 
Less Statements of Operating Expenses from Editor L. W. Hackett: 
Year ended December 31, 1954 
Nine months ended September 30, 1955 


$1,148.00 
775.11 1,923. 


Net Increase due to change in period of reporting income $2,589 .! 


Attached to this letter are the following statements: 
Exhibit 
The American Society of Tropical Medicine and Hygiene, Chapel Hill, North 
Carolina: 

Balance Sheet, at September 30, 1955 

Cash Receipts and Disbursements, Year Ended September 30, 1955 
Tropical Medicine and Hygiene News, Bethesda, Maryland: 

Balance Sheet, at September 30, 1955 

Cash Receipts and Disbursements, Year Ended September 30, 1955 


The American Society of Tropical Medicine and Hygiene, Chapel Hill, North 


Carolina: 
Investments in U. S. Savings Bonds—Exhibit A 


Yours truly, 
(Signed) 
Auton G. Sapuer, C. P 


The American Society of Tropical Medicine and Hygiene 
Chapel Hill, North Carolina 


BALANCE SHEET 
September 30, 1955 Exhibit A 
Assets 


Current Assets: 
Cash in Bank and on Hand ($5.77)—Exhibit B $2,009 
Interest Receivable, U. 8. Savings Bonds—Schedule 1 179. 
Account Receivable—The Williams & Wilkins Company 2,011 


Total Current Assets $4, 200 


Investments: 
Tropical Medicine and Hygiene News—Exhibit C $1,195.38 
U.S. Savings Bonds at Cost, Note 1—Schedule 1: 
Series J, Maturity Value $275.00 $198.00 
Series K, 2.76% 20,000.00 20,198.00 21,393.: 
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Office Equipment 
Total Assets .... $26,066.43 


Liabilities and Net Worth 


Prepaid Dues 


Net Worth: 
Investment in Office Equipment 


Retained Earnings—Note 2: 
Balance, September 30, 1954 $24,611.86 
Increase for Year Ended Sept. 30, 1955 930.33 


Balance, September 30, 1955 : ’ ‘ 26,014.43 


Total Liabilities and Net Worth ; $26 , 066 .43 


Notes: 


1. Interest on U.S. Savings Bonds Series J is available for current expenditure and on 
Series K for reviews for The Journal. 

2. The increase in Retained Earnings for the Year Ended September 30, 1955 include 
the following amounts due to a change from an annual calendar year reporting to a fiscal 
year ended September 30, 1955: 

Statements of Operations from The Williams & Wilkins Company: 

50% Profits for Year Ended December 31, 1954. . $2,501.17 
50% Profits for Nine Months Ended Sept. 30, 1955 2,011.75 


Total $4,512.92 
Less Statements of Operating Expenses of Editor, 
L. W. Hackett: 
Year Ended December 31, 1954 $1,148.00 
Nine Months Ended Sept. 30, 1955 775.11 1,923.11 


Net Increase due to change in period of reporting $2,589.81 


Of the $25,542.19 Retained Earnings, $2,887.81 is unappropriated at September 30, 1955, 
the remainder having been appropriated for: 

Extra pages for American Journal of Tropical Medicine and Hygiene.. . $1,904.38 
Life Membership Fee of Dr. Charles A. Werner invested in U. S. Savings 

Bonds, Series J ; 198.00 
Investment in U. 8. Savings Bonds, Series K, the interest on which is avail- 

able for reviews in The Journal Bae : ; ; 20 ,000 .00 
Interest on U.S. Savings Bonds, Series K, collected in year ended September 

30, 1955 ‘ 552.00 


Total Appropriated Retained Earnings 
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The American Society of Tropical Medicine and Hygiene 
Chapel Hill, North Carolina 


INVESTMENT IN U. 8. Savines Bonps Exhibit A 
September 30, 1955 Schedule 1 


Date of Maturity Accrued 
Serial Number Purchase Cost Value Interest 


Series J: 
Q 21,413J 3-29-54 $18.00 $25.00 
Q 21,4143 5-29-54 18.00 25.00 
Q 21,415J >-29-54 18.00 25.00 
Q 93,6313 3-29-54 2. 100.00 
Q 93,632J 3-29-54 2 100.00 


Total Value of Series J $198. $275.00 


Series K: 

M 91,038K 53 1,000.00 1,000.00 
M 91,039K -14-5: 1,000.00 1,000.00 
M 91,040K 4-5: 1,000.00 1,000.00 
M 91,041K : 1,000.00 1,000.00 
M195,142K 5-28 1,000.00 1,000.00 
V 26,490K 29- 5,000.00 5,000.00 
V 26,514K - 5,000.00 5,000.00 
V 26,515K 5,000.00 


Total Value of Series K 2.76% $20 , 000.00 $20,000.00 


Total Value of Investments $20,198 .00 $20 , 275.00 


Notes: 


All bonds are in the name of The American Society of Tropical Medicine and Hygiene, 
a corporation, in care of School of Public Health, Chapel Hill, North Carolina. 

The Series J bonds were purchased with funds from the life membership of Dr. Charles 
A. Werner. The interest from these bonds is available for current expenditures. Interest 
accrues to the value of the bonds periodically in accordance with the length of time held. 

The Series K bonds were purchased in 1954 with funds from current operations $6,027.50, 
reinvestment of $2,016.00 Series J redeemed for $2,058.00, and reinvestment of $6,512.00 
Series F from the dissolved American Society of Tropical Medicine redeemed for $7,914.50. 
Interest on all Series K bonds is available for reviews in The Journal. 


STATEMENT OF CasHn Receipts AND DiIsBUuRSEMENTS—ASTM&H 
Year Ended September 30, 1955 Exhibit B 


Cash Balances, September 30, 1954: 
Bank of Chapel Hill $2,243.82 
On Hand 1.35 


Total Cash Balances, September 30, 1954 $2,245.17 
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Receipts : 
Membership Dues 
1956 $52.00 
1955 8,436.62 
Prior Years 242.00 


Total Membership Dues. . ... 8,730.62 
The American Journal of Tropical Medicine and Hygiene, Profit 
for Year Ended December 31, 1954 2,501.17 
Publication of Tropical Medicine and Hygiene News—lxhibits C 
and D 1,000.00 
1954 Annual Meeting, Memphis, Tenn.: 
Share of Income from Commercial Exhibits $361 .30 
Balance from Local Committee on Arrangements for 
Registration 486 .30 
Refund on Advance to Local Committee on Arrange- 
ments for Annual Meeting 100.00 947.60 


Interest on U. 8. Savings Bonds, Series K 552.00 
Commemorative Medal Sales 107.00 
American Academy of Tropical Medicine, Balance in Bank 90.40 
Sales of Back Issues of The Journal 12.00 13,940.79 


$16,185.96 


Disbursements: 
Office Expenses 
Editorial Sec.-Treas. 
Year Jan. 1-Sept. Year Ended 
1954 30, 1955 9-30-55 
Sec. Assistance $701.75 $443.13 $2,600.00 $3,744.88 
Honorarium, Assistant to Edi- 
tor... 187.50 —— 187.50 
Travel and Meetings a 284. 592.06 
Office Equipment - 32. 32.66 
Postage 97. 578.76 
Printing § 553 . 704 .34 
Office Supplies 21.5: . 121.30 
Telephone and Telegraph 4 3s 24.84 
Auditing Fee — 125.00 
Die for Medals - — 600.75 
Medals ~ - 192.37 
Advance for 1955 Meeting - 50.00 
Freight and Express 36.84 
Corporate Registration adi el 30. 30.00 
Contribution to Nat. Soc. of 
Medical Research d 25.00 





Total Office Expenses .. $1,148.00 $775.11 .19 $7,046.30 





Subscriptions to The Journal 
Le Prince Award ake Ne axe meget : 14,176.30 


Cash Balances, September 30, 1955—Exhibit A ac ; . $2,009.66 
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Consisting of: 
Cash in Bank of Chapel Hill, Chapel Hill, N. C. 
Cash on Hand 


Total Cash in Bank and on Hand 


Tropical Medicine and Hygiene News 
Bethesda, Maryland 


BALANCE SHEET 
September 30, 1955 Exhibit C 


Assets 
Current Assets: 
Cash in Bank and on Hand ($2.18 
Accounts Receivable: 
Tulane University $20.00 
American Foundation for Tropical Medicine 165.19 
Harvard University 17.50 
Dr. Edward Pinckney 10.00 212.69 


Postal Deposit on Metered Mail 36.19 


Total Assets $1,195.38 


Net Worth 
Retained Earnings: 
Balance September 30, 1954 $1,989.29 
Increase for Year Ended September 30, 1955 206 .09 
$2,195.38 
Payment to American Society of Tropical Medicine and Hygiene 
Exhibits B and D 1,000.00 


Balance September 30, 1955 1,195.38 


Total Net Worth—Exhibit A $1,195.38 


STATEMENT OF CasH RECEIPTS AND DISBURSEMENTS 
Year Ended September 30, 1955 Exhibit D 


Cash Balance, September 30, 1954 $1,833.27 


Receipts: 
Advertising $1,575.00 
American Foundation for Tropical Medicine 429.41 
Sale of Supplements 231.67 2,236.08 


$4 069.35 
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Disbursements: 

The American Society of Tropical Medicine and Hygiene—Exhibits 

B and C 1,000.00 
Printing of News : 838.20 
Copy Preparation 399.90 
Secretarial Assistance , 300.00 
Envelopes 158.74 
Travel : 162.19 
Postage and Express 133.39 
Postage Meter Permit Deposits 100.00 
Miscellaneous 30.4 3,122.85 





Cash Balance, September 30, 1955 pane $946.50 


Consisting of: 
Cash in Bank of Bethesda, Bethesda, Maryland ae $944.32 
Cash on Hand 


Total Cash in Bank and on Hand 


As per Council action at Memphis, the financial books were closed September 30, and 
all of the financial accounts of the Society, including those of the Editor of Tropical Medi- 
cine and Hygiene News, were submitted to the C.P.A. for approval. Also, as a result of 
Council action, the sum of the fidelity bond of the Secretary-Treasurer was increased from 
$15,000 to $25,000. 

The present report, covering the period from October 1, 1954 to October 1, 1955, can not 
be compared directly with the report last year for 2 reasons: 1) last year’s report covered 
only 11 months (November 1, 1953-September 30, 1954), and (2) in last year’s report cer- 
tain large disbursement items (e.g., expenses of Editor’s office for the current year) and 
the estimated profit on the JourNaAtL for the current year were, by custom, not included. 
The present report, with all of these items included, gives the most accurate picture pos- 
sible of the present financial status of the Society. Therefore, if the present system of re- 
porting is retained it should be possible hereafter to compare directly each year’s report 
with the preceding one(s). 

As predicted last year, we completed this year with a very modest surplus in our operat- 
ing fund (see Exhibit B, and Note 2 of Exhibit A). Including the cash balance carried over 
($2,245.17), our receipts totaled $16,185.96. Our disbursements totaled $14,176.30, leaving a 
balance of $2,009.66. Of this amount, $7,904.38 is appropriated for the Journal fund, leaving 
only $105.28 in the operating fund. It is clear, therefore, that great care must be exercised 
to avoid deficit spending. In fact, until we can again realize a sizeable surplus (mainly from 
profits on the JouRNAL), it may be necessary to call in part upon the Journal fund to pub 
lish the several review articles scheduled, since the interest ($552.00 per year) on our invest- 
ments is not sufficient to cover these large expenditures. However, if the Journal profit 
continues at about the same level, it should be possible to remedy this situation in 1-2 
years by increasing our investments. 

Recommendations.—(1) that the present date (September 30) for closing the financial 
books, and the present system of reporting our financial status remain the same for next 
year, (2) that during the next year the Secretary-Treasurer be bonded for $25,000 (ArTICLE 
IV of the By-laws), and (3) that the Secretary-Treasurer be authorized during the next 
year to spend monthly for secretarial assistance a sum not to exceed $200.00. 

Respectfully submitted, 
Joun E. Lars, Jr. 
Treasurer 
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The Treasurer’s report was accepted as read, and the three recommendations 
were approved as listed. 


Reports of Committees* 
+ Development and Needs. Submitted by A. B. Sabin 


1. Committee Members: F. J. Brady, W. W. Frye, A. B. Sabin (Acting Chairman), S. W. 
Simmons, W. H. Taliaferro—ez officio, T. H. Weller, A. Wolman, W. H. Wright. 2. Mission 
of Committee.—To implement the recommendation adopted by the Council at the last 
annual meeting that the ASTMH sponsor a high-level Commission for the Study of American 
Activities and Interests in Tropical Medicine and Hygiene with Special Reference to Future 
Veeds and Potentialities. After discussions and consultations with representatives of gov- 
ernment, universities, industry, commerce, the Armed Forces, educational foundations, 
medical missions and journalism to determine the special interests of these groups in the 
tropics, this committee was to outline the directives and general plan for the operation of 
the high-level commission. This committee also was given the task of finding appropriate 
candidates for the full time staff of this commission and possible ways of financing it. 3. 
Problems and Developments.—The members of this Committee who are most highly quali- 
fied to act as chairman disqualified themselves on the ground that as employees of the 
Federal Government it would not be possible for them to carry out the assigned task. In 
the meantime, several members of our society were influential in having a high govern 
ment office transmit a recommendation to the National Academy of Sciences that it under 
take the task of examining the needs and future activities of the U.S.A. with reference to 
tropical medicine and hygiene. The National Academy of Sciences accepted this assign 
ment and requested the Division of Medical Sciences of the National Research Council to 
carry out a task, which in all respects is similar to that originally envisioned by the ASTMH 
for the high-level commission. Both Dr. Taliaferro and the acting chairman have kept in 
touch with the NRC, which has now set up a budget and a plan for a full-time staff. How 
ever, neither the funds nor the personnel have as yet been found for this enterprise. 4. 
Recommendations.—It is recommended: (1) that this Committee (Development and Needs) 
assist the National Research Council in its attempts to obtain the funds and the full-time 
staff required to carry out its assigned task, (2) that the ASTMH regard the activities of 
the NRC in this field as fulfilling its own objective of setting up a high-level commission, 
and (3) that the Committee on Development and Needs of the ASTMH constitute the offi 
cial liaison group between the Society and the special commission of the National Research 
Council. 


The report was accepted as read. In the discussion that followed several 


suggestions were presented that might prove valuable to next year’s Committee 
in carrying out its assigned tasks. 


Honorary Membership. Submitted by R. E. Dyer 


The Committee recommended five outstanding individuals for Honorary Membership, 
but unanimous approval of the Council, required for election, was obtained for only one, 
Major General Sir Gordon Covell. As per ArticLe VIII of the By-laws, this nomination 
was placed on the agenda of the Business Meeting for action by the Society (see below). 


* For a complete list of the committees activated this year, see the February, 1955 issue 
of the News. 
+t Ad hoc Committee 
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Membership. Submitted by W. G. Sawitz 


The Committee approved 60 applications for membership. The total membership is 1220: 
16 honorary members, 6 emeritus members, one life member, and 1197 active members (of 
which 1082 are in good standing and 115 are delinquent). In keeping with the feeling ex- 
pressed by the Council at Memphis, no attempt was made to solicit new members. 


* Professional Relations. Submitted by H. G. Johnstone 


No emergencies requiring action came to the attention of the Committee during this 
year 


Program. Submitted by J. E. Larsh, Jr. 


In mid-January, the Committee was requested to consider items concerned with general 
plans for the Boston meeting. There was agreement on the following: (1) that the times for 
opening (Wednesday noon) and closing (Saturday noon) the meeting should be those used 
and found to be desirable at the Memphis meeting, (2) that there should be two periods 
scheduled for the Council meeting (Wednesday, 9:00 A.M.; Wednesday, 8:00 P.M.), and 
(3) that we should schedule only one symposium. Suggestions were made as to desirable 
symposium topics, and agreement was reached on a tentative program summary. On Febru- 
ary 7, the Council approved the recommendations of the Committee and selected E. H. 
Lennette as Moderator for the symposium on ‘‘Newer Knowledge of Viral and Rickettsial 
Diseases.’’ It was then possible to proceed with specific plans for the meeting. All members 
of the Society were sent an announcement of the meeting on April 1, 1955, and were re- 
quested to submit before July 1 applications and abstracts for papers and/or scientific 
exhibits. This announcement included a statement that the abstracts accepted for the pro- 
gram would be published with the Transactions. A total of 54 requests to read a paper and 
7 requests to mount a scientific exhibit were received. On July 7, the materials were sent to 
the members of the Committee for review and action. By a majority vote, it was decided 
to accept all of the applications following receipt of a more complete abstract of one of the 
papers. For the first time in many years, it was possible to schedule all of the papers during 
the regular program, making it unnecessary to use the category ‘‘to be read if time permits.”’ 
To allow ample time for discussion, it was decided to follow the previously established 
policy of limiting all regular papers to 10 minutes. Those who submitted applications were 
notified of the Committee’s action on July 20. A copy of the printed program was sent to 
all members of the Society on September 15. 


* Sociely Organization. Submitted by G. R. Coatney 


1. Committee members: G. Robert Coatney (Chairman), D. B. McMullen, J. J. Sapero 
2. Objective: to provide for F eLLows in the Society in line with Constitution (Artice II, 
Section 7) and By-laws (ArticLe X) and the terms of reference as provided by the Secre 
tary, i.e., (a) mechanics of nomination, (b) procedures for election, (c) possible limit on 
the number of FeELLows at any one time (possibly 10 per cent of the active membership), 
and (d) whether or not a certificate would be awarded. 3. Committee meetings: there were 
two meetings of the Committee and many telephone conversations between the members. 
4. General opinions: the Committee had the broad guide lines as laid down by the Constitu- 
tion and the By-laws, namely, 5 years of continuous membership, meritorious contributions 
to tropical medicine and/or hygiene, and for actual election a two-thirds vote of the Officers 
and Councilors of the Society. In our discussion it was decided that the 5 years referred 
to membership in either of the parent societies and the present Society. In the absence of 


* Ad hoc Committee 
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criterion for assessment of meritorious contribution, the Committee took the position that 
the membership was willing to rely on the judgment of the Officers and Councilors as pro- 
vided in the Constitution. The actual election by a two-thirds majority of the Officers and 
Councilors was taken to mean two-thirds of those present and voting. 

In trying to lay out the mechanics for election of the first FELLows, it was felt that 
although the By-laws provided for election by the Officers and Councilors, no way had been 
provided for putting the names of possible candidates before this body. The Committee 
took the position that a way should be provided whereby the membership would have a 
definite voice in the nomination of candidates, and several methods for bringing it about 
were discussed. It should be emphasized that the Committee had very strong feelings re- 
garding this point. It was finally decided that the names of those former Academy members 
who satisfied the requirements would be presented to each member of the Society with a 
request for further nominations, in any number, and a vote on 75 names. The Council was 
to be guided by the membership vote in making the actual election. 

It was also the opinion of the Committee that in order for election as a FELLOw to be 
really significant, the number of FeELLows should be limited. A total number of one hundred 
FELLOWS was taken as a starting point, that being approximately 10 per cent of the active 
membership, and the decision was reached that the initial election would involve only 75 
individuals. Each subsequent year, others, possibly 5 or more depending on experience, 
would then be elected until a total of 100 was achieved. Furthermore, inasmuch as the Offi- 
cers and Councilors are responsible for the election of FELLows, it would be “‘slightly out 
of character’’ if one of the electing body was not a FELLow, and consequently the Committee 
decided to provide for this in its recommendations. 

In addition, the Committee was of the opinion that a certificate should be awarded and, 
although they had no definite directive, proceeded to draft the text and obtain advice on 
the actual format. 5. Recommendations: (1) that active membership in either of the parent 
societies and membership in the present Society shall satisfy the membership requirement 
of Artic_e IT, Section 7, of the Constitution, (2) that the total number of FELLows elected 
shall not exceed 10 per cent of the active members of the Society, (3) that subsequent to 
1955, if any member not then a FELLow of the Society is elected an Officer or a Council 
member, said member shall become a FeLLow automatically, (4) that subsequent to 1955, 
a space shall be provided on the annual ballot for the nomination of a FELLow and that the 
Officers and Councilors shall consider such nominations and elect not more than 5 FELLows 
per year until the total number of FeLLows reaches the prescribed limit, (5) that each duly 
elected FELLow shall receive a certificate signed by the President and the Secretary, and 
(6) that the Secretary shall send a letter of thanks to Miss Inez Demonet for designing the 
format of the certificate. 


Following a brief discussion of this report, a petition signed by various mem- 
bers of the Society was presented by the Secretary-Treasurer. This petition 
requested that the Council reconsider its approval of the recommendations 
submitted by the Committee on Society Organization and defer election of 
FEeLLows until certain changes are made in the procedures for election. No 
formal action was taken on the petition, but because of the importance of the 
issue a lengthy discussion was held during which the entire matter was re-ex- 
amined. While it was not felt necessary to change the procedures at this time, 
there was general agreement that it would be highly desirable to elect this year 
a larger number of FetLows than that (75) agreed upon earlier. Thereupon a 
motion was entered and passed that the number of FetLows elected this year 
be raised from 75 to 101. This rescinded the action of the Council (mail ballot 
of October 4) to limit the election to 75 FeLLows, and opened the balloting for 
election of 101 Frtiows. A list of those elected will appear in a forthcoming 
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issue of the News, hence the names are omitted here. It is important to point 
out that, although the Council has been given full power to elect FELLows 
(ARTICLE X of the By-laws), it was decided to abide by the wishes of the mem- 
bership and elect those receiving the largest number of nominations on the 
ballot of June 15 sent to all active members of the Society. 


Walter Reed Medal. Submitted by N. H. Topping 


The nomination submitted by the Award Committee in September failed to receive a 
favorable vote of two-thirds of the Council (see Secretary’s report, above), so that the 
matter was referred back to the Committee. The Committee decided not to submit a second 
nomination for this year. The Council voted to activate this Committee next year rather 
than postpone the Award until 1957. Since the interval between awards “‘shall be at the 
discretion of the Committee of Award and the Council,’’ this matter will be referred to the 
Committee as soon as possible 


All of the above reports were accepted by the Council with appreciation for 
the efforts of the various committee members. 


Reports of Representatives to Organizations 


A.A.A.S. Submitted by H. H. Anderson and L. W. Hackett 


A brief report of the Council meeting (December 27 and 30, 1954) was given, which in- 
cluded the following: (1) election of Officers and Directors, (2) citation to the A.A.A.S. 
for advancing educational television, (3) report of Committee on Affiliation and Associa- 
tion (10 additional societies approved), (4) proposed changes in the By-laws (to permit 
greater financial assistance to small divisions), (5) favorable vote to support National 
Science Foundation policy regarding federal grants for unclassified research, (6) discussion 
of a change in procedure for selecting the President-Elect, and (7) various Committee re- 
ports 


American Foundation for Tropical Medicine. Submitted by E. I. Salisbury 


A report was given of the 1955 annual meeting of the members including the election of 
the Board of Directors and various recommendations adopted as to changes in organization. 
Also, a brief report was given of the activities of the Liberian Institute. 


National Research Council. Submitted by H. Most 
See above report of Committee on Development and Needs. 
These various reports were accepted as read. 


Report of the Custodian of Back Issues of the Journ of the NMS. Submitted 
by G. R. Coatney 


As suggested by the Council at the last meeting, an announcement was made at the an- 
nual business meeting to the effect that back numbers of the Journal of the National Malaria 
Society were available to members of the Society; libraries to be next in line of priority. 
The only charge was to be for postage. Following these guide lines, 35 individual shipments 
were made, 23 to members and the remainder to libraries here and abroad. When it was 
learned that the U. S. Book Exchange, operated by the Library of Congress, would accept 
the remaining stock for distribution, principally to foreign libraries, all the partial sets 
(168) and all the separate issues (473) were turned over to ttiem. A detailed listing is filed 
with the Secretary. 
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A vote of thanks was given to the Custodian for his services, and as a token of appreci- 
ation a motion was passed to present him with the bound volume of the Journal now in his 
possession. 


Other Old Business 


Commemorative medals——The Secretary-Treasurer announced that, as per 
Council action at Memphis, 50 additional medals (commemorating the 50th 
anniversary of the founding of the ASTM) had been ordered. Of these, 36 were 
sold prior to the Boston meeting, the remainder to be on sale at the Registra- 
tion Desk. 

Petition concerning the publishing of abstracts of papers on the program.— 
During the past year, a number of members submitted protests against the 
action of the Council and Editorial Board at Memphis to publish the abstracts 
as part of the Transactions. After a full discussion of the pros and cons, it was 
voted to continue this policy. The Secretary-Treasurer was instructed to call 
to the attention of the members that: (1) abstracts may be withheld from the 
published group upon request by the author(s), and (2) authors of abstracts 
may submit revised copies at the time of the meeting. 

Election of Officers and Councilors for 1956—The Nominating Committee (T. 
F. Whayne, Chairman; J. M. Henderson; and L. H. Schmidt) submitted a 
slate, which was mailed with a ballot to all voting members of the Society. The 
votes were tabulated by the Tellers, W. W. Cort and J. R. Hendricks, ap- 
pointed by the President. The results of the election were as follows: 

President-Elect J. M. ANDREWS 

Vice-President W. H. Wricur 

Councilors. . . P. C. BEAVER 

W. C. REEvEs 


New Business 


Commitiee Appointments—In addition to the appointment of Tellers for 
this meeting (see above), the President appointed P. C. Beaver (Chairman), 
D. E. Eyles, and M. C. McCowen as members of the Resolutions Committee. 

The Council elected the following members to serve on the Nominating 
Committee for 1956: E. H. Hinman (Chairman), L. E. Rozeboom, and H. W. 
Van Hovenberg. The Council elected M. D. Young to serve on the Bailey K. 
Ashford Award Committee during 1956, 1958, and 1960, and W. H. Taliaferro 
to serve on the Walter Reed Award Committee during 1956, 1958, and 1960. 

Contribution to the National Society for Medical Research—After a discussion 
of the program of this organization, a contribution of $25.00 was voted. 

NRC Fellowship Programs.—The principle of fellowship support by partici- 
pating societies was considered. While the Council favored more active support 
of the various programs of the National Research Council, no funds are avail- 
able for a contribution at this time. 

Policy Concerning Publishing of Society Business—The Editor, L. W. Hack- 
ett, explained that in the past the inclusion of Society business (membership 
lists, etc.) in the JourNAL has displaced scientific papers, since our publishing 
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agreement calls for a limit of 150 pages per issue without additional charge. 
To correct this situation, it was voted to classify such Society business as extra 
pages to be paid by the Society as per the policy for all subventioned papers. 
Rather than formulate a complex series of policies, it was felt better to leave 
the details of this arrangement to the judgment of the Editor and Secretary- 
Treasurer. 

Report of China Medical Board Fellowship Program.—H. E. Meleney pre- 
sented a brief progress report on fellowships in Tropical Medicine and Para- 
sitology administered by the School of Medicine, Louisiana State University. 
This report will be published in the News. 

Support of Research Grants—Following a discussion which emphasized the 
growing concern over lack of funds for grants in basic research affecting many 
fields of Tropical Medicine and Hygiene, the Council approved the creation of 
an ad hoc Committee on Public Relations. Among others, the terms of reference 
will include a vital interest in federal legislation directly or indirectly concern- 
ing basic research in our area. Specifically, the President or his Representative 
is to appear before the Senate and House subcommittees on appropriations 
when consideration is being given to appropriation requests of agencies of the 
Government that administer basic research grants in our area. The Treasurer 
was authorized to pay the expenses of our Representative to these meetings. 

1956 Meeting—The Secretary-Treasurer reported that he had received a 
fully documented invitation from Tulane University, the Louisiana State Uni- 
versity and others to hold the meeting in New Orleans. After inspecting the 
facilities, and in consideration of various important factors (adequate number 
of local members to serve on the local committee, etc.), the Secretary-Treasurer 
recommended New Orleans as the 1956 meeting site. The Council approved 
this recommendation, and the dates of October 31-November 3 were seiected. 

Ad Hoc Committees for 1956-—The Council authorized the President to ap- 
point such committees that he and the Secretary-Treasurer deem necessary. 

Other —The Council voted unanimously to transfer C. W. Rees from active 
to emeritus membership effective January 1, 1956, and to approve changes, 
recommended by the Editor, in the Editorial Board (D. B. McMullen for E. 
C. Faust, and H. H. Anderson for W. McD. Hammon). 


MINUTES OF THE ANNUAL BUSINESS MEETING 


The annual business meeting of the Society was held November 5, 1955 at 
8:30 A.M. in the Louis XIV Ballroom of the Somerset Hotel, Boston, Massa- 
chusetts, with President William H. Taliaferro presiding. 

The minutes of the third meeting (Memphis, Tennessee, November 6, 1954) 
were accepted as published in the JournauL, March, 1955. 

The Secretary-Treasurer’s reports were approved as read. 

The Editor-in-Chief of Publications, L. W. Hackett, presented the Journal 
report, which was accepted as read. The motion included a vote of thanks from 
the Society. 

The Editor of Tropica Mrepicine AND Hyaiene News, L. Jacobs, read his 
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report, which was accepted. The motion included a vote of thanks from the 
Society. 

Reports of committees and representatives—The various reports presented at 
the Council meeting (see above) were summarized. Approval of these reports 
was voted. 

Announcements regarding Council action on old business—The Secretary- 
Treasurer made the following announcements. It was announced that 50 addi- 
tional medals (commemorating the 50th anniversary of the founding of the 
ASTM) had been ordered after the Memphis meeting and that 36 had been 
sold prior to this meeting, the remainder being placed on sale at the Registra- 
tion Desk. It was pointed out that the remaining issues of the Journal of the 
NMS had been turned over to the U. 8. Book Exchange, operated by the Li- 
brary of Congress, for distribution, principally to foreign libraries. It was an- 
nounced that the Council voted to continue the policy of publishing with the 
Transactions the abstracts of papers on the program. Attention was called to- 
(1) the right of authors to request that their abstracts not be published, and 
(2) the arrangement whereby authors may submit at the meeting a revised 
abstract scheduled to be in the published group. An announcement was made 
concerning the election of FeLtows. It was pointed out that a petition con- 
cerning changes in the procedures for election had been considered carefully 
by the Council. While no formal action was taken on the petition it brought 
about a careful re-examination of the procedures. As a result, it was decided 
to elect 101 FrLtows this year rather than 75 as originally planned. Those 
elected (the names will appear in the News) were, in all cases, those receiving 
the largest number of votes on the nominating ballot sent to all active mem- 
bers on June 15. Finally, the results of the election of Officers and Councilors 
by mail ballot were given. J. M. Andrews was elected President-Elect for 1955- 
56, W. H. Wright was elected Vice-President, and P. C. Beaver and W. C. 
Reeves were elected Councilors for four years. 

Election of an honorary member——Major General Sir Gordon Covell was 
elected by a unanimous vote. 

Announcements regarding Council action on new business—The following 
announcements were made by the Secretary-Treasurer. It was announced that 
the Council had appointed E. H. Hinman (Chairman), L. E. Rozeboom, and 
H. W. Van Hovenberg to serve on the 1956 Nominating Committee, M. D. 
Young to serve on the Bailey K. Ashford Award Committee (1956, 1958, 1960), 
and W. H. Taliaferro to serve on the Walter Reed Medal Committee (1956, 
1958, 1960). It was pointed out that a $25.00 contribution had been voted for 
the National Society for Medical Research, and that hereafter, as per the Edi- 
tor’s recommendation, Society business (membership lists, etc.) will be classi- 
fied as extra pages so that it does not replace scientific papers. The approval 
of an ad hoc Committee on Public Relations was announced. The terms of 
reference and other details were explained (see above). It was also announced 
that C. W. Rees was transferred from active to emeritus membership (effective 
January 1, 1956), that D. B. McMullen and H. H. Anderson had been ap- 
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proved to replace E. C. Faust and W. McD. Hammon on the Editorial Board, 
and that L. J. Olivier had been approved to replace L. Jacobs as Editor of the 
News (effective January 1, 1956). Finally, it was announced that the Council 
had accepted the invitation of Tulane University, Louisiana State University 
and other agencies to hold the 1956 annual meeting in New Orleans. The meet- 
ing will be October 31—November 3, 1956. 

Report of the Resolutions Committee (P. C. Beaver, Chairman; D. E. Eyles; 
and M. C. McCowen) 


I. It is requested that the Secretary of the Society be instructed to write and send resolu 
tions of sympathy to the families of deceased active and honorary members of the American 
Society of Tropical Medicine and Hygiene. During the current year, the Society has lost 
3 pioneers and outstanding leaders, namely Thomas T. Mackie, Past President of the 
ASTM, 1940-41, Frank J. Jacobson, Virgil G. Presson and one honorary member, Charles 
Martin. 

II. The Officers and Members of the American Society of Tropical Medicine and Hygiene 
have benefited by the symposium arranged for this meeting. THEREFORE BE It RESOLVED 
that the Society extend congratulations and appreciation to the organizers and participants 
in the symposium on ‘‘Newer Knowledge of Viral and Rickettsial Diseases,’’ moderated 
by Dr. Edwin H. Lennette. 

III. To Mr. Harold F. Gray, we extend this Society’s sincere thanks and highest esteem 
for his able presentation of the 20th Annual Charles Franklin Craig Lecture, ‘‘The Con 
fusing Epidemiology of Malaria in California.” 

IV. To the organizations and individuals who have served as hosts for the Fourth Annual 
Meeting of the Society: 

A. The Officers and Members of the American Society of Tropical Medicine and Hygiene 
are deeply appreciative of the assistance and hospitality extended to the Society on the 
occasion of the Fourth Annual Meeting held in Boston, Massachusetts, November 2-5, 
1955, by the Boston University School of Medicine. THEREFORE Br It RESOLVED that the 
thanks of the Society be expressed to Dr. James M. Faulkner, Dean, and through him to 
the Boston University School of Medicine. 

B. The City of Boston and the Convention Bureau of the Boston Chamber of Commerce 
have provided secretarial help and equipment during registration and otherwise contributed 
greatly to the success of the Fourth Annual Meeting of the American Society of Tropical 
Medicine and Hygiene, November 2-5, 1955. THEREFORE Be Ir Reso.vep that the thanks 
and appreciation of the Officers and Members be extended to Mr. John B. Hynes, Mayer, 
City of Boston, and to Mr. E. C. Sherry, Manager of the Convention Bureau of the Greater 
Boston Chamber of Commerce. 

C. The assistance and cooperation of the members of the staff of the Harvard University 
Schools of Medicine and of Public Health contributed to the success of the Fourth Annual 
Meeting of the American Society of Tropical Medicine and Hygiene, November 2-5, 1955. 
THEREFORE Be Ir Reso.vep that the thanks of the Officers and Members of the Society 
be extended to Dr. George Packer Berry, Dean of the Harvard Medical School and to Dr. 
John C. Snyder, Dean of the Harvard School of Public Health. 

D. The assistance and cooperation of the members of the staffs of the Massachusetts 
Public Health Association and of the Massachusetts Medical Society contributed to the 
success of the Fourth Annual Meeting of the American Society of Tropical Medicine and 
Hygiene, November 2-5, 1955. THerEFoRE Be Ir Reso.ven that the thanks of the Officers 
and Members of the Society be extended to Dr. John C. Ayres, President of the Massachu- 
setts Public Health Association and to Dr. Robert W. Buck, Secretary of the Massachusetts 
Medical Society. 

E. The assistance and cooperation of the members of the staff of the Tuft’s University 
School of Medicine contributed to the success of the Fourth Annual Meeting of the American 
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Society of Tropical Medicine and Hygiene, November 2-5, 1955. THEREFoRE Be Ir Re 
SOLVED that the thanks of the Officers and Members of the Society be extended to Dr. Joseph 
M. Hayman, Jr., Dean of the Tuft’s University School of Medicine. 

F. The assistance and cooperation of the members of the staff of the Somerset Hotel 
contributed to the success of the Fourth Annual Meeting of the American Society of Tropi- 
cal Medicine and Hygiene, November 2-5, 1955. THererore Be Ir Resoivep that the 
thanks of the Officers and Members of the Society be extended to Mr. Paul Sonnabend, 
General Manager, Mr. Earl G. Duffy, Sales Manager, and through them to the other mem- 
bers of the staff of the Somerset Hotel. 

G. The foresight and planning of the Local Committees were essential contributions to 
the success of the Fourth Annual Meeting of the American Society of Tropical Medicine 
and Hygiene, November 2-5, 1955. Taererore Be Ir Resotvep that the thanks and ap 
preciation of the Officers and Members of the Society be expressed to the Chairman of the 
Local Committee, Dr. Donald L. Augustine, and Committee Members as follows: to Dr. 
William B. Castle, Boston City Hospital; to Dr. Eli Chernin, Department of Tropical 
Public Health, Harvard School of Public Health; to Dr. Joseph M. Hayman, Jr., Dean of 
the Tuft’s University School of Medicine; to Dr. Albert A. Hornor; to Dr. Alice T. Marston, 
Department of Bacteriology of the Boston University School of Medicine; to Dr. John C. 
Snyder, Dean of the Harvard School of Public Health, and through them to the other mem- 
bers of the Local Committees who have assisted with the arrangements for the meeting. 

H. The interest and planning of the Committee for Ladies’ Entertainment contributed 
greatly to the pleasure of the ladies attending the Fourth Annual Meeting of the American 
Society of Tropical Medicine and Hygiene, November 2-5, 1955. THererore Be It Re- 
SOLVED that the Officers and Members of the Society express their thanks and appreciation 
to Mrs. Donald L. Augustine, Mrs. John E. Gordon, Mrs. George C. Shattuck, Mrs. Thomas 
H. Weller, Mrs. William B. Castle, Mrs. Joseph M. Hayman, Jr. and others who assisted 
the Committee, Mr. Perry T. Rathborne, Director of the Museum of Fine Arts in Boston 
and Miss Evelyn Burr of the Gardner Museum. 

I. The Hospitality Sessions held at the Fourth Annual Meeting of the American Society 
of Tropical Medicine and Hygiene, November 2-5, 1955, were a most important contribution 
to the pleasure of the individual members and guests and to the success of the meeting as 
a whole. THEREFORE Be Ir Reso.ven that the thanks and appreciation of the Officers and 
Members of the Society be extended to: 

(1) Dr. J. B. Rice, Director of Medical Research, and through him to Winthrop-Stearns 
Inc., host for the Hospitality Session on Wednesday, November 2nd. 

(2) Dr. Lawrence B. Hobson, Director of Medical Services, and through him to the 
Squibb International Division, Olin Mathieson Chemical Corporation, host for the Hos- 
pitality Session on Thursday, November 3rd. 

(3) Dr. W. Alan Wright, Medical Director, Pfizer Laboratories, and to Mr. John L. 
Davenport, Executive Vice President, and through them to Chas. Pfizer & Co., Inc., hosts 
for the Hospitality Session on Friday, November 4th. 

(4) Mr. Howard B. Fonda, Senior Vice President, and through him to Burroughs Well- 
come & Co., who assisted the Local Committee in the entertainment program for the visit- 
ing ladies. 

J. The commercial exhibits of the Fourth Annual Meeting of the American Society of 
Tropical Medicine and Hygiene, November 2-5, 1955, added materially to the interest of 
the meeting. THererore Be Ir Resoiven that the thanks and appreciation of the Officers 
and Members of the Society be expressed to Mrs. Herma H. Hoefler, of the American Foun- 
dation for Tropical Medicine, through whose efforts the exhibits were obtained. 

The scientific exhibits contributed to the interest of the meeting and to the knowledge 
of the members and guests of the Society. THerErore Be It Reso.ven that an expression 
of appreciation be extended to the various exhibitors and to the E. F. Mahady Co., for 
providing microscopes, projectors and other equipment. 
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V. Editors of Society Publications 
A. Dr. Lewis W. Hackett, Editor of the American Journal of Tropical Medicine and 
Hygiene is to be commended for his efforts which have resulted in a Journal of outstanding 


quality. TaeRErore Be It Reso.ven that an expression of thanks on behalf of the Society 
be extended to him. 


B. Dr. Leon Jacobs is to be commended for editing the timely and interesting Tropical 
Medicine and Hygiene News. THereroreE Be Ir Resoivep that an expression of appreci 
ation of the Society be extended to him. 


This report was approved as read, and a motion for adjournment was passed 
at 9:20 A.M. 
Respectfully submitted for publication, 
Joun E. Larsu, Jr. 
Secretary-Treasurer 


SCIENTIFIC AND SPECIAL SESSIONS 


A total of six half-day sessions was held, five regular sessions for the presenta- 
tion of papers, and one special session for a symposium. All sessions were held 
in the Louis XIV Ballroom of the Somerset Hotel. Four of the regular sessions 
were presided over by the President, William H. Taliaferro, and one (Saturday 
morning, November 5) was presided over by the President-Elect, Asa C. 
Chandler. The symposium (Thursday afternoon, November 3) was moderated 

y Edwin H. Lennette. In addition to these six sessions, there was a dinner 
session in the Princess Ballroom of the Somerset Hotel (Friday, November 4). 
Lewis W. Hackett served as Toastmaster and introduced the President, William 


H. Taliaferro, who presented an address on, ‘The functions of the spleen in 
immunity.” 


2:00 P.M., November 2 


1. The Reproduction of Entamoeba histo- 
lytica with Cell-Free Supernates of Chick 
Embryo Mince. H. D. Baznrnstern, C. W. 
Rees, and I. L. Barrers, National In- 
stitutes of Health, Bethesda, Md. 
Sealed microtube cultures inoculated 

with a single trophozoite of Entamoeba 

histolytica, microisolated from macrocul- 


other materials were added and the progeny 
of the single ameba were counted. Growth 
curves based on the number of generations 
were determined by the method of least 
squares. 

The results indicate that serum is re- 
quired but may be partially replaced by a 
mixture of vitamins. The rate of reproduc- 


tures of chick embryo mince containing 
Hank’s solution and horse serum, in which 
no viable bacterium or other associate is 
present, have provided a means of studying 
the factors required by E 
reproduction. 

The basal medium consists of cell-free 
supernates of chick embryo (9-10 day) 
homogenates supplemented with horse 
serum and Hank’s balanced salt solution. 
To this, various mixtures of vitamins, 
amino acids, nucleic acids, coenzymes, and 


histolytica for 


tion is dependent on the number of particles 
(mitochondria?) remaining in the supernate 
from centrifuged chick homogenate. Among 
the substances which, when added to the 
medium, will increase the rate of 
reproduction are succinate, ribonucleic 
acid, and coenzymes. Oxygen tension is not 
a critical factor in microtubes as it is in 
macrocultures. Cysteine and thioglycolate 
are slightly inhibitory. 

Heating the supernate to 56°C for 15 
minutes completely inactivates the ma- 


basal 
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terial. However, supplements of vitamins, 

amino acids, coenzymes, and ribonucleic 
acid partially restore the growth promoting 
activity of the inactivated particles. 

Further work is required to show that the 
heated supernate is metabolically inert. 

2. Growth Maintaining Effect of Carbomycin 
and Erythromycin on Entamoeba histo- 
lytica Cultures. H. Seneca, O. Kupyn, 
and L. Paiturps, College of Physicians 
and Surgeons, Columbia University, 
New York, N. Y. 

Entamoeba histolytica has been cultured 
every 48 hours and once a week in the pres- 
ence of 25, 50, 100, and 200 ug/ml carbo- 
mycin for one and a half years. The growth 
in the 48 hourly transfers is very heavy, the 
trophozoites are hypermotile and they are 
2 to 3 times the size of amebas from the 
control cultures. In the weekly transfers, 
the growth is intense for four to five days, 
but then there is a gradual decrease in the 
number of amebas, nevertheless they remain 
viable for one week. 
ameba remain 


Carbomycin cultures 


viable for three or more weeks provided 
fresh carbomycin and rice starch are added 
at weekly intervals. 


In another series of experiments, EZ. 
histolytica is being subcultured at weekly 
intervals in the presence of 1.56, 3.125, 
6.25 and 12.5 ug/ml concentrations of carbo- 
mycin or erythromycin. The carbomycin 
cultures are in their 3lst generation, and 
erythromycin cultures in their 24th genera- 
tion. Carbomycin cultures are richer, and 
the amebas larger than those in 
erythromycin and stock control cultures. 

There is little or no variation in the 
secondary bacterial associates in carbo- 
mycin or erythromycin cultures as com- 
pared with stock control cultures. 

Tetracycline group and fumagillin can 
not maintain ameba cultures in subinhibi- 
tory concentrations. Other antibiotics are 
also under investigation. 

3. Uptake of Rare Earths by Entamoeba 
histolytica. Mervin W. Kerner and 
Hamitton H. ANDERSON, University of 
California Medical Center, San Fran- 
cisco, Calif. 

The localization of rare earths in E. 
histolytica and their effects on this organism 
were studied employing radioactive tech- 


are 
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niques. When the amoebae were exposed to 
inactive cerous chloride (CeCl,;), chelated 
with sodium citrate, at 1:50,000 dilution for 
48 hours at 37°C. the nucleus became visible 
in motile organisms. This was observed with 
yttrium as well. Radioactive cerium (Ce!*), 
chelated, used to determine 
whether penetration of the cell actually 
occurred and, if so, where the metal lo- 
calized. After exposure as indicated to a 
1 to 12 million dilution, washed amoebae 
were found to contain 4 times the radio 
activity of the surrounding medium. After 
exposure to radioactive cerium at higher 
concentration and then the contact of 
exposed amoebae on radiosensitive film, 
concentration of Ce'* in the cytoplasm was 
pronounced. Thus the acid mucopolysac- 
charides would appear to be involved in 
such concentration in cytoplasm. 

4. The Experimental Transmission of 
Trichomonas vaginalis in the Eyes of 
Animals. B. H. Kean and Juuia T. 
We tp, Cornell University Medical Col- 
lege, New York, N. Y. 

A limiting in the study of 
Trichomonas vaginalis hitherto has been the 
inability to transmit the parasite to lower 
animals. A pure culture of 7’. vaginalis was 
injected into the anterior chamber of the 
eyes of rabbits where the parasite survived 
and grew for the limit of the study—30 days. 
A series of eye to eye passages was con- 
ducted for 14 successive generations at 
which time the series was arbitrarily termi- 
nated. The parasite caused a characteristic 
inflammatory the eye, and 
showed some evidence of phagocytic 
activity. 

The method may be used in in vivo 
studies of the parasite and in evaluating 
the effects of drugs. 

5. Epidemiological Studies on Tricho- 
moniasis. T. A. Burcu, L. V. REARDON, 
and C. W. Ress, National Institutes of 
Health, Bethesda, Md. 

Studies are in progress on infections with 
Trichomonas vaginalis, T. tenax and T. 
hominis in women attending the Gyne- 
cological Clinic and the Columbia Hospital 
for Women, Washington, D. C., in women 
employed at the National Institutes of 
Health and also in spouses of infected 
women. Thirty-five percent of 221 women 


also was 


factor 


reaction in 
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thus far examined at the Gynecological 
Clinic were found infected with 7’. vaginalis 
on the basis of the first vaginal culture in 
each case. On the same basis in more than 
1,000 women employees the incidence of 
this flagellate was 16 percent. From 145 oral 
specimens from the Clinic the incidence of 
T’. tenaz was 28 percent. On the basis of one 
examination per case, 7 of 17 men whose 
wives were infected with 7’. vaginalis re- 
vealed this trichomonad on culture. Sixteen 
stool specimens from patients who had 
T. vaginalis showed no ox Tf. 
Most of the with 7. 


vaginalis in women could be demonstrated 


evidence 
hominis. infections 
by direct microscopic examination of the 
specimen but cultural methods were 
required for the detection of 7. vaginalis 
in men and 7’. tenaz in either sex. Continued 
investigation of this large and stable popu- 
lation group provides material for studies 

on the life cycle of 7’. vaginalis and on T. 

tenaxr and T. hominis. Methods of trans- 

mission, therapy, and control are also under 
investigation. 

6. Chemotherapy of Trypanosoma gambiense 
and Trypanosoma rhodesiense Infections 
in Mice with a New Antibiotic, Ampho- 
mycin. A. PacKCHANIAN, School of 
Medicine, The University of Texas, 
Galveston, Texas. 

Acute, 
gambiense 


fatal 
Trypanosoma 


always Trypanosoma 
rhodesiense 
infection in mice (Mus musculus) were cured 
with a new antibiotic, amphomycin. Treat- 
ment of mice intraperitoneally, 24 to 48 
hours following lethal infection, with a dose 
of 50 mg./Kg. body weight daily for four 
days, produced about 10 per cent suppres- 
sive and 90 per cent curative effect. With a 
dose of 100 mg./Kg. body weight daily for 
four days, the curative effect reached 100 
per cent. Non-treated infected control mice 
all died from trypanosomiasis within five 
days. Both sodium and calcium salts of 
amphomycin were found about equally 
effective against African trypanosomiasis. 
*7. The Preservation of Toxoplasma gondii 
by Slow-Freezing in Glycerine Mixtures. 
Don E. Eytes, Nett CoLtemMan, and 
D. J. Cavanauan, National Institutes 


and 


* Abstract withheld from published 
group upon request of author(s). 
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of Health, Memphis, Tenn. and School 
of Medicine, University of Tennessee, 
Memphis, Tenn. 

. A New Serologic Test for Toxoplasma 
Antibodies Using Fluorescein-Tagged 
Globulin. Morris Gotpman, Com- 
municable Disease Center, At- 
lanta, Ga. 

. Experimental Toxoplasmosis in Chick- 
ens. F. E. Jones and Don E. EyLgs, 
National Institutes of Health, 
Memphis, Tenn. 

10. The Production and Treatment of Acute 
Toxoplasmic Uveitis in the Anterior 
Segment of the Rabbit Eye. LEon Jacobs, 
Marsorig L. Metron, and M. Katu- 
ERINE Cook, National Institutes of 
Health, Bethesda, Md. 

Inoculation of 1,000 to 10,000 toxo- 
plasmas of strain 113-CE into the anterior 
chamber of the rabbit eye results in an 
acute uveitis. The reaction is characterized 
principally by perilimbal injection, hyper- 
emia and edema of the iris, and the produc- 
tion of a copious cellular and fibrinous 
exudate which may obliterate the chamber. 
Secondarily, corneal edema and vasculariza- 
tion occur. After about 3 weeks the in- 
flammation spontaneously begins to subside 
and the eye may become clear after another 
3 weeks, with only occasional residua such 
as synechiae secluding the pupil or or- 
ganizing hemorrhage or exudate. Fundus- 
copic examination reveals no alteration in 
the eye grounds. 

Inoculation of the RH strain of Tozo- 
plasma into the eye of animals previously 
immunized with strain 113-CE also results 
in severe uveitis. 

Tests have been made of the effectiveness 
of pyrimethamine, sulfadiazine, and the 
two drugs combined in inhibiting the de- 
velopment of uveitis in rabbits thus inocu- 
lated. It was found that such large 
differences occurred in the daily water con- 
sumption of rabbits that it was not possible 
to make comparisons of animals given the 
drugs in drinking water. In trials in which 
definite amounts of drug were administered 
by mouth, the most effective regimen was 
pyrimethamine at 20 mg/kg combined with 
sulfadiazine at 40 mg/kg. The development 
of severe uveitis was almost completely 
prevented by this combination but some 
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inflammation did occur. Pyrimethamine or 
sulfadiazine alone at dosages of 40 mg/kg 
were only partially effective. 

11. The Effect of Pyrimethamine and Sulfa- 
diazine on Toxoplasma in Tissue Cul- 
ture. M. KatHertne Cook and LEon 
Jacoss, National Institutes of Health, 
Bethesda, Md. 

Eight-day-old roller tube cultures of 
minced mouse embryonic tissues inoculated 
with Toxoplasma gondii of the RH strain 
were used to assess the effectiveness of 
pyrimethamine and sulfadiazine against the 
parasite. 

In a series of replicate experiments con- 
sistent results on the effectiveness of vari- 
ous concentrations of pyrimethamine were 
obtained. At 0.1 microgram per ml, pyri- 
methamine slightly inhibited proliferation 
of the parasite. At 1 microgram per ml, the 
drug was effective in completely preventing 
multiplication of Toxoplasma, as judged 
by the absence of cytopathogenesis in the 
cultures. However, if the explants of cul- 
tures containing pyrimethamine at this 
concentration were inoculated into mice, 
infections always resulted. Also, if the 
nutrient medium of such cultures was re- 
placed without drug, proliferation of the 
parasites obtained. When pyri- 
methamine was used at a concentration of 
10 micrograms per ml, the cultures were 


was 


9:00 A.M. 


*14. THE TWENTIETH ANNUAL 
CHARLES FRANKLIN’ CRAIG 
LECTURE: The Confusing Epidemi- 
ology of Malaria in California. (30 
min.) Harotp F. Gray, Oroville, 
California. Introduced by Epwin H. 
LENNETTE, Chairman of the Lecture- 
ship Committee. 

. The Coenzyme A Content of Liver, 
Spleen, and Kidney of Rats Infected 
with Plasmodium berghei. Ira SincER 
and WiLL1AM Tracer, The Rockefeller 
Institute for Medical Research, New 
York, N. Y. 

The coenzyme A content of liver, spleen 

and kidney of rats infected with Plasmo- 


* To be published in the JourRNAL 
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regularly found negative for parasites, both 
by inoculation of explants and by observa 
tions for cytopathogenesis on continued 
incubation after removal of drug. Efforts 
to define more closely the lowest effective 
concentration of pyrimethamine in these 
tissue culture tests indicate that this lies 
in the range of 3 or 4 micrograms per ml. 
Delayed addition of effective concentrations 
of drug to the cultures, up to day 4, con 
sistently resulted in the 
parasites. 

In contrast, similar tests with sodium 
sulfadiazine gave inconsistent results. Con- 
centrations as low as 15 micrograms per ml 
sometimes prevented proliferation of para- 
sites, and effected apparent eradication of 
toxoplasmas in tissue cultures. In other 
tests 50 micrograms of sulfadiazine per ml 
inhibited but failed to the 
organisms. 
t12. Comparative Results of the Dye Test for 
Toxoplasmosis in an Urban 
Rural Negro Population. Cotvin L. 
Gipson, National Institutes of 
Health, Memphis, Tenn. 

Studies on 


destruction of 


destroy 


and a 


713. Toxoplasmosis Among 
Mental Patients in South Carolina. 
Ropert C. Renptorrr and Don E. 
Eyes, National Institutes of Health, 


Columbia, 8. C. and Memphis, Tenn. 


November 3 


dium berghei and of uninfected control 
animals has been determined by micro 
biological assay for pantothenate using 
Lactobacillus caset. Two groups of 15 rats 
(Sprague-Dawley females) each were in 
fected with 500,000 parasites, and two 
groups of 15 animals each were kept as 
controls. Control rats were offered only as 
much food and water as their infected coun 
terparts consumed. At the time of infection 
one control and one experimental group 
were 48 days old with weights ranging from 
50-60 grams. The other two groups were 
116 days old and weighed 195-220 grams. 
Three rats from each group were sacrificed 


t Abstract withheld from published 
group upon request of author(s). 
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on the fourth day of infection and every 
four days thereafter. Animals 
capitated, bled out and the organs removed, 


were de- 


weighed, frozen and stored in a dry ice box. 

In the livers of young animals coenzyme 
A concentration decreased about 41% by the 
eighth day of infection, while in the older 
group the decrease was about 23%. In both 
kidney and spleen the concentration of co 
enzyme should be 
as the infection pro- 
gressed the ratio of both spleen and liver 
to body weight increased. When the total 
coenzyme A for these organs was calculated 


A was unchanged. It 
noted, however, that 


the quantity present in liver was unchanged 
while that 
times 
16. An Antimalarial Effect in vitro of Para- 
pyruvic Acid. WILLIAM TRAGER and Ira 
Sincer, The Rockefeller Institute for 
Medical Research, New York, N. Y. 
In the course of experiments on the 
extracellular development 
in vitro of the avian parasite Plasmodium 
lophurae, it had been observed that a com- 
mercial preparation of sodium pyruvate did 
not have the favorable effect usually ob- 
tained on the addition of adenosine triphos- 
phate and freshly prepared sodium pyruvate 
to the erythrocyte extract culture medium. 
Recently, C. M. Montgomery and J. L. 
Webb have isolated from certain prepara- 
tions of sodium pyruvate an impurity 
identified as a lactone of parapyruvic acid, 
which inhibited the tricarboxylic acid cycle 
in rat heart mitochondria. A sample of this 
material, obtained through the kindness of 
Dr. Montgomery, was tested for its effects 
against P. lophurae maintained in vitro, 
both extracellularly and intracellularly in 
suspensions of intact duck erythrocytes. 
In the experiments with the extracellular 
parasites, the addition of parapyruvate at 
concentrations down to 0.04 mg/ml in- 
creased notably the numbers of degenerate 
parasites present after one day of incuba- 
tion. A very slight effect was noted at a 
concentration of 0.008 mg/ml. The addition 
of the parapyruvate, at concentrations 
down to 0.008 mg/ml, to a mixture of normal 
and infected duck erythrocytes maintained 
in vitro reduced by one half the number of 
parasites present after two days of incuba- 


in spleen had increased 6-12 


survival and 
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tion. The higher concentrations also inter- 

fered with the reinvasion of erythrocytes 

by young parasites. 

17. Differences in Virulence Between the 
Parent BI Strain of Plasmodium gal- 
linaceum and Substrains Made Resistant 
to Pyrimethamine and Metachloridine. 
JosePH GREENBERG, National Insti- 
tutes of Health, Bethesda, Md. 

The BI strain of Plasmodium gallinaceum 
is normally transferred by blood. When 
transferred by mosquitoes it is almost uni- 
formly lethal for chicks, death being caused 
by exoerythrocytic parasites. Since death 
occurs prior to the appearance of norma! 
parasites in the blood, the strain cannot 
normally be transferred more than once 
through the mosquito. In 18 primary mos- 
quito transfers, at weekly intervals, the 
mortality rate in 180 chicks was 100 per cent. 

A substrain of the BI strain was made 
64-fold resistant to pyrimethamine and 
32-fold resistant to metachloridine. Of 178 
chicks infected in 18 weekly, primary, 


mosquito transfers, 113 (63 per cent) died, a 
significant reduction in mortality from the 
parent strain. Mosquitoes could be infected 
from survivors after a lag of 4 to 7 days from 


the mean survival time of the victims. Ten 
lines were established from such survivors, 
each line passed cyclically through mos 
quitoes. These lines were carried through 
from 6 to 9 transfers.All lines became pro- 
gressively less virulent, so that by the sixth 

transfer the mortality rate approached 0 

per cent. 

Another BI substrain, made resistant 
only to pyrimethamine, was examined on 
primary mosquito transfer. In 11 transfers, 
105 chicks were infected. Of these, 66 (63 
per cent) died. Thus metachloridine re- 
sistance was not necessary to produce a 
reduction in virulence. 

*18. The Effect of Pyrimethamine (Dara- 
prim) Upon Induced Vivar and 
Malariae Infections. Martin D. YounG 
and Rosert W. Buragss, National 
Institutes of Health, Columbia, 8. C. 

*19. Relapses with Chesson Strain Plasmo- 
dium vivax Following Treatment with 
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Chloroquine. Georrrey M. JEFFERY, 
National Institutes of Health, Colum 
bia, 8. C. 

Variations and Inheritance of Certain 
Larval Characters of Members of Ameri- 
can Anopheles. Ropert W. Burgess, 
National Institutes of Health, Colum- 
bia, 8. C. 

In order to study speciation and the 
inheritance of morphological and other 
characters in anopheline mosquitoes, varia- 
tions in the numbers of branches of the 
ante-palmate (#2) hairs on larval ab- 
dominal segments four and five are being 
utilized. Thousands of counts on several 
anopheline species have been made. 

In-breeding has been carried on mostly 
with Anopheles freeborni which, in normal 
colony mosquitoes, has a single hair in at 
least one of the four stations (fourth seg- 
ment left and right; fifth segment left and 
right) in only about four per cent of the 
individuals. 

Fourteen generations of mass selection 
have produced lots of mosquitoes with a 
single hair in over 90 per cent of the speci- 
mens reared. 

Development of homozygous strains is 
being attempted by selecting specimens of 
A. freeborni showing all four hairs single or 
all four hairs double and in-breeding them. 
A few from single male and single female 
matings have been bred. Results are very 
erratic and, although the increase of se- 
lected hairs and decrease of others is evi- 
dent, there are probably many factors in- 
volved and the creation of a homozygous 
strain in which crosses and back crosses may 
be made will probably require considerable 
experimentation. 

This work may coordinate with chromo- 
somal studies being made by the laboratory 
cytologist. 


Other characters, such as egg-pattern, 
width between inner clypeals, palmate hairs 
on second segment, and the appearance of 
the pecten may be used for ‘‘tracer’’ char- 
acters to help give additional information. 


21. Temperature Tolerance and Behavior 
Patterns of Adult Anopheles quadri- 
maculatus (SAY) Populations by Age 
and Sex in Moist and Dry Conditions, 
with Ecological Implications. Rosert B. 
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Piatr and Cyntuia L. Couiurns (In 
troduced by R. E. Dyer), Emory Uni 
versity, Emory University, Ga. 

Adults of a laboratory-bred strain of 
Anopheles quadrimaculatus Say were sub 
jected to rising, falling, and constant tem 
peratures ranging from 15° to 50°C, by age 
and sex under varied humidity conditions. 
Population tolerances to maximum tem 
peratures, with respect to survival time 
ranging from 6 seconds to 20 minutes, are 
shown by means of three-dimensional 
graphs. At 0% R.H. the lethal range for 
males was 36°-47°C and for females 39°- 
49°C; at 73% R.H., for males 38°-46°C and 
for females 39°-47°C. There was a uniform 
temperature sensitivity of 1°C for adults 
under all conditions tested. Population 
behavior patterns for each 2° temperature 
rise were determined by using five degrees 
of intensity for each of these factors :—per 
cent population in spontaneous flight, 
response to mechanical stimulus, flight 
characteristics, and resting positions. Ex 
periments relating to recovery versus dura 
tion of exposure to varied temperatures 
showed, for example, that with exposures of 
1-2 minutes at 45°C the recovery for females 
was 83% and for males 538%. With exposures 
extended to 4 or 5 minutes, there was no 
recovery for either sex. All of these experi 
ments were carried out in a multiple factor 
environmental gradient control chamber 
designed especially for this type of investi 
gation. Although results from laboratory 
strains are not directly applicable to wild 
ones, certain implications are evident with 
respect to the type and degree of tempera- 
ture variations found in natural habitats. 
This investigation was supported in part 
by a research grant E-545(R2) from the 
National Microbiological Institute, of the 
National Institutes of Health, Public 
Health Service. 

22. Insecticide Resistance in Aedes aegypti. 
R. W. Fay, Communicable Disease 
Center, Savannah, Ga. 

Marked resistance to DDT larvicide 
applications has been shown by a strain 
of Aedes aegypti from Trinidad, South 
America, in the laboratory. 

23. Mosquito Collections and Dissections for 
Evaluating Transmission of Filariasis in 
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Polynesia (Tahiti). Davip D. Bonnet, 
Joun F. Kesse., J. Kerrest, and 
HERALD CHAPMAN, Institut de 
Recherches Médicales de _ 1’Oceanie 
Francaise, Papeete, Tahiti, and School 
of Medicine, University of California, 
Los Angeles, Calif. 

An “Intensive Mosquito 
Method” of collection and dissection of 
mosquitoes, particularly Aedes poly 
nesiensis Marks in Tahiti, provides a dis- 
tributed sample of mosquitoes for dissec- 
tion, while simultaneously the following 
indications of mosquito densities are de- 
termined: (1) the number of mosquitoes 
captured per minute of capture-effort; (2) 
the percentage of habitations at which 
(3) the per- 
centage of houses where 10 or more mos- 
quitoes were captured during the standard 
10-minute capture interval. By dissection 
and examination of these samples of mos- 
quitoes collected at the per- 
centages of mosquitoes with developing 
and/or infective larvae of Wuchereria 
bancrofti are determined. In addition the 
number of developing Wuchereria bancrofti 
larvae per dissected mosquito can be cal- 
culated as well as the percentage of houses 
with positive mosquitoes. 

By combining the information obtained 
by this comprehensive survey, a ‘“‘Survey 
Index of Transmission’’ is figured. This 
‘“‘Index”’ is compared with results obtained 
by blood surveys of total human popula- 


Survey 


mosquitoes were captured; 


random, 


tions both before and after treatment with 
diethylearbamazine. 

The advantages and limitations of this 
method and the suggested index are dis- 
cl 
24 morus Compounds as Ovicides and 

insecticides Against the Body Louse. 

M. M. Cotgz, U. 8. Department of Agri- 

culture, Orlanda, Fla. 

A search for alternate insecticides for 
use against DDT-resistant body lice in- 
cluded tests with 105 organic phosphorus 
compounds. Most of them were highly effec- 
tive against lice and some are known to 


have little toxicity to mammals. Many also 
proved to be ovicidal in action. Malathion 
and Chlorthion hold promise because of 
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their high insecticidal and ovicidal activity 
and low mammalian toxicity. A Korean 
strain of lice that has developed an ex- 
tremely high degree of resistance to DDT 
and some resistance to other insecticides, 
showed no _ resistance to phosphorus 
compounds. 

25. Murine Typhus Fever and Rat Ecto- 
parasites in Puerto Rico. Irvine Fox, 
School of Medicine, School of Tropical 
Medicine, San Juan, P. R. 

Reduction in murine typhus fever in 
southern United States is generally at- 
tributed to large scale control measures, 
particularly DDT dusting to eliminate 
Xenopsylla cheopis. No such control has 
been applied in Puerto Rico yet the re- 
ported rate decreased 100% in the city of 
San Juan (137 cases in 1944 and none in 
1954). Rats are abundant and research is 
in progress to find out why the disease has 
declined or whether in the absence of specific 
control there may be many unreported 
cases. From April 15, 1954 through May 4, 
1955, 600 rats were trapped alive in San Juan 
and 15% were infested with X. cheopis, 
having an average of 0.42 specimens per 
rat. During the same period in 1946-1947, 
776 rats were trapped with 54% infested and 
1.76 specimens per rat. Decrease in flea 
population was greater in the section known 
as Santurce, where 5% of the rats were 
infested, than in the old city (San Juan 
Islet) where 25% of the rats were still in- 
fested. Whether the reduction in fleas has 
been due to improvements in construction, 
better sanitation and mosquito control or 
to natural causes is not known. However, 
these results when compared with data 
from earlier surveys (Carrién, 1932, Pub. 
Health Rep. 47: 193; Fox, 1951, J. Parasit. 
37: 85) seem to favor the point of view that 
natural factors have been largely re- 
sponsible. 

* 26. The Status of Insecticide Resistance in 
Insects of Public Health Importance in 
1965. K. D. QuarTeRMAN and H. F. 
ScHoor, Communicable Disease 
Center, Savannah, Ga. 
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2:00 P.M., November 3 


SYMPOSIUM 


“Newer Knowledge of Viral and Rickettsial Diseases”’ 


. Introduction to Symposium. (10 mins.) 
Epwin H. Lennetre, Viral and 
Rickettsial Disease Laboratory, Cali- 
fornia State Department of Public 
Health, Berkeley, Calif. 

. Problems Revealed by the Expanding 
Use of Tissue Culture Procedures in 
Studies on Infectious Agents. (20 mins.) 
Tuomas H. WELLER, 
versity School of 
Boston, Mass. 

. Cells in Continuous Culture for the 
Study of Viruses. (20 mins.) Jerome T. 
Syverton, School of Medicine, Uni- 
versity 
Minn. 

. Immunization Against Poliomyelitis 
with Living Attenuated Virus. (25 

Hitary KoprowskI, 

Laboratories Division, American Cy- 

anamid Company, Pearl River, N. Y. 


Harvard Uni- 


Public Health, 


of Minnesota, Minneapolis, 


mins.) Lederle 


9:00 A.M. 


34. Serological Studies in Experimental 
Trichinosis. Invinc G. KaG@an and Urt 
Bareal, University of Pennsylvania, 
Philadelphia, Pa. 

The sera of three rabbits exposed to 
12000, 18000 and 24000 larvae and 23 rats 
exposed to 1000-6000 larvae of Trichinella 
spiralis were investigated by Boyden’s 
hemagglutination test, precipitin ring tests 
and double diffusion tests in agar. Two posi- 
tive human sera, 60 normal human sera and 
19 sera of patients with Schistosoma mansoni 
infections were tested with some of these 
techniques. Melcher’s acid soluble larval 
antigen was used. Rabbits were bled twice 
weekly and rats once a week following in- 
fection for approximately two months. 

Positive hemagglutination was detected 
in rabbit sera 6 and 10 days after infection. 
A titer in one rabbit of 1:320 was observed 
at 6 days, 1:10240 at 34 days and 55 days 


¢ 31. Clinical and Epidemiological Observa- 
tions on APC Viral Infections. (30 
mins.) Rospert J. Huesner, National 
Institutes of Health, Bethesda, Md. 
2. The Rickettsiae: Comments on Recent 
Work on Biology and Epidemiology. (20 
mins.) Joun C. Snyper, School of 
Public Health, Harvard University, 
Boston, Mass. 

. Immunization Against Epidemic Ty- 
phus. A Brief General Review and A 
Description of the Status of Living, 
Avirulent R. prowazeki (Strain E) As 
An Immunizing Agent. (20 mins.) JoHn 
P. Fox, School of Medicine, Tulane 
University, New Orleans, La. 

$33A. Scrub Typhus Epidemic in Japan, 
No. Med. 2-55 in Color (15 minutes) ; A 
Bureau of Medicine and Surgery Tech- 
nical Report by J. M. AMBerson, U.S. 
Naval Medical School, Bethesda, 
Maryland. 


, November 4 


after infection 1:1280. Rats infected with 
2500 and 5000 larvae showed titers of 1:80 
and 1:320, 20 days after infection and at 43 
days 1:320 and 1:5120 respectively. Two 
positive human sera showed titers of 1:80 
and 1:1280. Of 29 normal human sera tested 
three had titers of 1:10, 1:20 and 1:40. Two 
of 19 schistosome sera had titers of 1:40 and 
1:80. 

Ring tests with infected rabbit sera be- 
came positive 20 and 42 days after infection. 
Rat sera were negative. Of 48 normal sera 
(selected at random from a hospital sero- 
logical laboratory) and 19 schistosome sera 
tested one serum positive by hemagglutina- 
tion was also positive with the ring test. 
Double diffusion tests with Melcher’s antigen 
against immune rabbit serum indicate that 
at least three antigen-antibody systems are 
present in the agar. 

35. Attempts to Produce Immunity Against 
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the Filarial Worms of Cotton Rats by 
Transfer of Developing Worms. J. ALLEN 
Scotr, Erra Mar MacDona.p, and 
Leroy Oxuson, University of Texas, 

Medical Branch, Galveston, Texas. 

Cotton rats were infected with larvae of 
Litomosoides carinii and killed 26 days later. 
The developing worms were removed and 
immediately transferred to the abdominal 
cavity of a second group of cotton rats which 
had never been previously infected. On the 
day of each transfer a parallel rat of a third 
group was given infective larvae subcu- 
taneously in numbers equal to the number 
of worms transferred. About 32 days later 
each of these groups and a fourth group of 
previously uninfected control rats were 
given challenging infections with equal 
numbers of infective larvae subcutaneously. 
All animals were killed 24 days later and the 
numbers, size and state of development of 
the challenging worms were used as evi- 
dence of the presence of immunity. In 
general the worms of the challenging in- 
fections were developing equally well in the 
controls and in the rats to which 26 day old 
worms had been previously transferred. 
Worms from rats previously infected with 
larvae showed retarded development. Other 
experiments have shown that immunity is 
produced by worms developing 32 days from 
the infective larval stage. It is concluded 
that in cotton rats the immunity expressed 
by a retarded development of challenging 
infections is produced by the presence of 
young developing worms and not by the 
presence of worms which have already 
undergone 26 days of development from the 
infective stage. 

36. A Program for the Control of Filariasis. 
Joun F. Kesset, Georces C. Tuoorts, 
Davip Bonnet, and Jacques KEeRREsT, 
Institut de Recherches Médicales de 
l’Oceanie Francaise, Papeete, Tahiti and 
School of Medicine, University of 
California, Los Angeles, Calif. 

Reports on the control of filariasis in 
French Oceania by Beye et al. (1952-53) and 
Kessel et al. (1953-54) indicate that the 
microfilaricide, diethylearbamazine, (Het- 
razan, Notezine or Banocide) combined with 
mosquito control provides a satisfactory 
method. Sufficient follow-up records have 
now been obtained to warrant the recom- 


mendation of a standardized program to be 

used in this area and the following pro 

cedures are suggested: 

(1) Clinical survey to determine per- 
centages of individuals with acute and 
chronic symptoms. 

(2) Blood survey by thick film from 
20cmm. Evaluate results by a) percentage 
of people positive; b) frequency distribution 
at seven different levels of microfilariae; 
c) average number of microfilariae per 
person. 

(3) Mosquito survey in same area. 
Determine species, vectors, breeding places, 
etc. 

(4) Intensive mosquito survey to collect 
and dissect standardized catches of im- 
portant vectors (Aedes polynesiensis in this 
area), to determine the percentage of 
mosquitoes infected with Wuchereria ban- 
crofti. 

(5) Institute mosquito control pro- 
cedures by eliminating breeding places for 
one hundred meters around each dwelling. 

(6) Administer diethylearbamazine at the 
dosage schedule of 6 mg. per Kg. of body 
weight, one day each month for one year 
to both positives and negatives. 

(7) Repeat (1), (2), and (4) above, each 
year. 

(8) Continue treatment of all current 
and original positives until they have been 
negative for two years. Treatment of 
original negatives may be dropped after one 
year or treated every other month during 
the second year. 

(9) Emphasize continuation of mosquito 
control program following discontinuance 
of microfilaricide program. 

t 37. Onchocerciasis in Chiapas, Mezico. 
Epwarp K. MarkKeELL, School of 
Medicine, University of California, 
Los Angeles, Calif. 

3. Artificial Immunization Against 
Ascaris lumbricoides—Protective Ac- 
tion of Embryonated Egg Antigen. 
Jos& Ottver-GoNnzALEz, School of 
Medicine, School of Tropical Medi- 
cine, San Juan, P. R. 

Guinea pigs weighing from 350 to 600 

grams were injected intraperitoneally with 

physiological saline suspensions of the fol- 


t Film. 
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lowing dry and well pulverized Ascaris 
lumbricoides (from pig) worm materials: 
whole adult worm; eggs dissected from the 
uteri, and eggs previously kept in 2 per cent 
formalin for 20 to 30 days. 

The material was injected daily for three 
consecutive days and after a rest period of 
four days, injections were repeated for an 
additional 5 to 7 weeks period. Total doses 
varied from 70 to 110 milligrams. Ten, 20 and 
30 days after the last immunizing dose, each 
of the injected animals as well as normal 
controls, were challenged with 40 to 50,000 
infective Ascaris eggs 
sacrificed 8 to 10 days after the infective 
dose, the lungs observed for macroscopical 
lesions, ground in a Waring blender and 
allowed to sediment in a conical tube to re 
cover the larvae. 

The lungs from animals immunized with 
whole adult and non-embryonated egg ma 
terial had the same hemorrhagic appear 
ance, with large numbers of larvae present 


The animals were 


as was the case with the lungs of the control 
non-injected animals. The lungs from ani 
mals immunized with embryonated eggs, 
however, showed evidence of marked pro 
tection. Very few macroscopic lesions were 
observed and small numbers or no larvae 
were recovered. 

Tissue sections and blood specimens were 
also taken for study. 

39. Treatment of Ascariasis with Piperazine 
Citrate Alone and in Combination with 
Other Anthelmintic Agents. Marx T. 
HogeKENGA, United Fruit Company 
Hospital, La Lima, Honduras, C. A. 

At La Lima Hospital, in northwestern 
Honduras, 335 individuals were treated for 
ascariasis with piperazine citrate, either 
alone or in combination with toluene, hexyl- 
resorcinol or activated papain. One hundred 
and ninety received only piperazine in a 
single afternoon dose of 2.0 to 3.0 grams, in 
courses varying from 1 to 10 days. It was 
found that 3.0 gram in a single afternoon 
dose achieved a cure rate of 90 per cent 
among 68 children, and 3.0 gram daily for 2 
days resulted in 100 percent cure in 13 chil- 
dren. The 2.0 gram amount gave a cure rate 
of 87.5 per cent when taken daily for 2 days, 
92 per cent when taken daily for 3 to 6 days, 
97 per cent when taken daily for 6 to 10 days. 
Thirty-seven children who took 3.0 grams of 
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piperazine citrate and 0.6 grams hexyl 
resorcinol in a_ single afternoon dose 
achieved a cure rate of 95 per cent. Eighty 
eight others received combinations of pi 
perazine citrate and toluene in single doses 
or 2 day courses, but the results were not 
significantly better than those with pi 
perazine alone. Twenty other patients re 

ceived a one-day treatment consisting of 4.5 

grams activated papain and 3.6 grams 

piperazine citrate, but the cure rate in this 
group was no improvement over piperazine 
alone. 

*40. Mass Treatment of Ascariasis with 
Single Dose of Piperazine Citrate. 
Froyp O. AtcHLtEY, Donato N. 
Wysuam, and Emmarige C. HempHILL, 
Communicable Disease Center, West 
Prestonsburg, Ky. 

41. Isolation of Succinic Acid from the 
Perienteric Fluid of Ascaris lumbri- 
coides. ERNEstT BuepING and GEORGE 
M. Farrow (Introduced by WILLIAM 
W. Frye), School of Medicine, Louisi 
ana State University, New Orleans, 
La. 

Harnisch (Zeitsch. Vergl. Physiol. 24, 
667, 1937) has reported that the perienteric 
fluid of Ascaris markedly stimulates the 
respiration of helminth tissues. Confirming 
this observation, it was found that the 
nature of this stimulatory material is that of 
a heat-stable substance of low molecular 
weight. Fractionation of the perienteric 
fluid of Ascaris revealed that this compound 
is a non-volatile organic acid, which subse- 
quently was identified as succinic acid by 
preparation of the di-p-bromophenacyl de- 
rivative. The concentration of succinate in 
the perienteric fluids of the worm was varied 
between 5.3 and 12 micromoles (average 8.4 
micromoles equivalent to approximately 1 
mg of succinic acid) per ml. (This study 
was supported by a grant from the Na- 
tional Institutes of Health, U. S. Public 
Health Service.) 

42. Evaluation of Promethazine Hydro- 
chloride, R02-5655/3 Phthalylsulfathi- 
azole, and Piperazine Hexahydrate in 
the Treatment of Enterobiasis in a Mental 
Institution. E.vio H. Sapun, Dorotuy 
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M. Me tvin, M. M. Brooks, and C. H. 
CarTER, Communicable Disease Center, 
Atlanta, Ga. and Florida Farm Colony, 
Gainesville, Fla. 

Children in a mental 
examined for the 
vermicularis 


institution were 
of Enterobius 
infection by six consecutive 
daily examinations of cellulose tape slide 
preparations. The effectiveness of treatment 
was determined by six consecutive daily 
examinations beginning 11 days after treat- 
ment. 

At the end of the therapeutic trial, the 
following patients had become negative: 21 
‘per cent of 42 untreated controls; 44 per cent 
of 9 treated with a single dose of 90 to 160 
mg. of promethazine hydrochloride; 32 per 
cent of 37 patients treated with 2 grams of 
R02-5655/3 daily for 7 days; 48 per cent of 27 
patients treated with 1 to 2 grams of RO2- 
5655/3 daily for 14 days; none of 24 patients 
treated with 8 grams of phthalylsulfathi- 
azole daily for 7 days; 96 per cent of 25 
patients treated with 12 to 16 grams of 
phthalylsulfathiazole daily for 14 days; 65 
per cent of 20 patients treated with 2 grams 
of piperazine hexahydrate daily for 7 days; 
100 per cent of 24 patients treated with 2 to 
5 grams of piperazine hexahydrate daily for 
14 days. 

These results indicate that piperazine 
hexahydrate and, to a lesser extent, phthal- 
ylsulfathiazole, administered in relatively 
high dosages for 14 consecutive days, have a 
marked antihelminthic effect against Z. 
vermicularis. The rate of spontaneous cure 
in the untreated controls and the degree of 
effectiveness of the various drugs were found 
to be related to the intensity of infection, as 
determined by the frequency of positive 
tests during the initial period of observa- 
tion. 

43. Treatment of Oxyuriasis with the Cyanine 
Dye POM-22 (‘‘Poquil’’). W. G. Saw1tz 
and F. Karpinski, Jefferson Medical 
College, Philadelphia, Pa. 

The cyanine dye POM-22 (6-dimethyl- 
amino - 2 - [2 - (2,5 - dimethyl - 1 - phenyl - 
3-pyrryl) viny!]-1-methylquinolinium 
chloride dihydrate) was tested as to its 
antioxyurid activity in hospitalized children 
and outpatient children and adults. The 
criterion of infection was two or more posi- 


presence 


tive scotch tape swabs; the criterion of cure 
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was negative post-treatment swabs ex- 
amined for at least 14 days. The dye was 
given as an aqueous suspension in amounts 
of 0.5 to 1 mg per kilogram of body weight, 
three times a day, for six days. Deliberately, 
no advice as to special measures of personal 
hygiene was given. 

All patients (42) treated so far were 
cured. No failure was observed in any of the 
additional patients who did not fulfill the 
criteria of either infection or period of ob- 
servation. The earliest positive post-treat- 
ment swab was found on the 40th day. 

The raspberry-flavored suspension was 
readily taken by the patients. No side 
effects were encountered (gastro-intestine, 
blood, urine). 

* 44. Trials of Puromycin Against Infections 
of Intestinal Parasites. Martin D. 
Youne and Jog E. Freep, National 
Institutes of Health, Columbia, S. C. 
and 8. C. State Hospital, Columbia, 
8. C. 

45. Epidemiologic of Hook- 
worm, and Trichuris in 
Thailand. E.vio H. Savun, Communi- 
cable Disease Center, Atlanta, Ga. 

Stool examinations from about 31,000 
persons were carried out in 40 provinces of 
Thailand. In the Southern provinces, hook- 
worm, Ascaris, and Trichuris were found in 
43, 70 and 53 per cent of the people, respec- 
tively. About 25 per cent of the individuals 
infected with hookworm had more than 
10,000 eggs/gm; 20 per cent of those with 
Ascaris had more than 50,000 eggs, gm and 
20 per cent of those with Trichuris had more 
than 10,000 eggs/gm. The incidence and in- 
tensity of infection were considerably less in 
the other parts of the country. Whereas 
hookworm infection was found more preva- 
lent in the rural than in the urban popula- 
tions throughout Thailand, no such differ- 
ences were found with respect to Ascaris and 
Trichuris. Soldiers and prison inmates had 
a higher incidence of hookworm and a lower 
incidence of Ascaris and Trichuris than the 
rest of the population. In the rural areas, 
hookworm was uncommon in those villages 
in which the land is under water for large 
parts of the year and in the areas of rice 


Investigation 
Ascaris, 


* Abstract withheld from published 
group upon request of avthor(s). 
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cultivation, while it was prevalent in the 
proximity of rubber plantations. College 
and university students had the lowest 
prevalence rates with all three parasites. 
The incidence and intensity of hookworm 
infection was lowest in young children and 
increased with age up to adulthood. Con 
versely, with Trichuris in 


Ascaris and 


2:00 P.M. 


16. Treatment of Diphyllobothrium latum 
Infection with Quinacrine (Atabrine). M. 
M. Srerman and H. B. 
Tropical Disease 
New York City 
New York, N. Y. 
A series of 14 adults were treated for 

Diphyllobothrium latum infection with 0.8 

Gm. of quinacrine (Atabrine). 


SHOOKHOFFP, 
Diagnostic Service, 


Health Department, 


The scolex was obtained in 6 and 4 more 
were shown to be cured by repeated negative 
stool examinations over a period of 4 months 
or more. Of the 4 in whom the first treat- 
failed, it The 


scolex was obtained in one of the three, and 


ment was repeated in 3. 
the other two proved to be cured upon 
follow-up 

These results are comparable to those ob- 
tained with quinacrine in the treatment of 
Taenia saginata infections. In our 
series, 25 of 31 adults with 7. saginata 
were cured with the first treatment. 

The great advantage of quinacrine 
therapy is the frequency with which the 
worm is expelled intact and complete with 
the scolex. The great drawback is that half 
the patients have an attack of nausea and 
vomiting 4 to 5 hours after the therapy. 

47. Treatment of Tapeworm Infections with 
Priodaz. H. B. Suooknorr and M. M. 
SrerMan, Tropical Disease Diagnostic 
Service, New York City Health Depart 
ment, New York, N. Y. 

The use of Priodax (Schering) for the 
treatment of tapeworm was 
prompted by the expulsion of a Taenia 
saginata by a patient who received the drug 
for its usual purpose—roentgenologic visual- 
ization of the gall-bladder. 

Four of 9 adults with 7'’aenia saginata in- 
fection were successfully treated with 6.0 
Gm. of Priodax. The scolex was obtained in 
only one. Comparable results are reported 
by Faiguenbaum from Chile 


own 


infections 
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fections peaks were reached in children 5 to 
9 years old. Females had a higher incidence 
and intensity of infection with Ascaris and 
Trichuris than males. 

This work was done under the auspices 
of the Special Technical and Economic 
Mission to Thailand, Foreign Operations 
Administration. 


, November 4 


Cure was obtained using 6.0 Gm. of 
Priodax in 2 of 5 adults with Diphylloboth- 
rium latum, although the scolex was not 
observed. 

Priodax is especially useful in young 
children, in whom Atabrine and oleoresin of 
aspidium cannot be used effectively. Three 
of 5 children ranging from 234 to 6 years of 
age and infected with Taenia saginata were 
successfully treated with 3.0 Gm. of Priodax. 
One could not be followed. The fifth stopped 
passing proglottids for 4 months after treat- 
ment. When they reappeared, treatment was 
repeated using 4.0 Gm. with apparent suc- 
cess. One child, age 3, was successfully 
treated for D. latum with 3.0 Gm. of Priodax. 
The same dose failed to expel Taenia solium 
in a child of 7 years, who was later success 
fully treated with Atabrine. 

Priodax is simple to administer, free from 
disturbing side effects, and requires no pro- 
longed starvation and no purgation. In 
adults, however, it is distinctly less effec 
tive than Atabrine and 
aspidium. 

48. Distribution of Echinococcus Disease in 
Northwestern Canada. R. W. WoLFGANG 
and J. B. Poote, McGill University, 
Macdonald College, Montreal, Quebec, 
Canada. 

During the past three years the Institute 
of Parasitology, McGill University, Mac- 
donald College, P.Q., Canada, in collab- 
oration with the Canada Department of 
National Health and Welfare has been con- 
ducting surveys on the incidence of hydatid 
disease in the Indian population in northern 
Alberta and British Columbia, and in the 
Northwest and Yukon Territories. Intra- 
dermal skin tests have been made on the 
Indians with antigens prepared from 
Australian and Canadian hydatid material. 
Some of the Indians have been X-rayed and 
had surgery performed for hydatid at the 


oleoresin of 
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Charles Camsell Indian Hospital, Edmon- 

ton, Alberta. In addition, records have been 

made of the incidence of hydatid cysts in 
wild herbivores and of adult Echinococcus 
worms in wild carnivores in these areas. 

49. Studies on Immunity to Schistosomiasis— 
Passive Transfer of Anti-Egg Antibody 
in Humans. C. M. Coker and J. OLIVER- 
GonzAxz, School of Medicine, School of 
Tropical Medicine, San Juan, P. R. 

Sera were prepared from individuals in- 
fected with Schistosoma mansoni who gave a 
positive skin reaction when tested with 
homologous egg antigen. This immune 
serum and the same volume of normal 
human serum (0.15 ml) were injected intra- 
dermally on separate sites of skin on the 
backs of humans with no history of schisto- 
somiasis. Forty-eight to seventy-two hours 
later, saline-extracted egg antigen diluted 
1:10,000 was injected at the site where the 
sera were previously given and at an addi- 
tional control site where no serum had been 
injected. 

Fifteen to twenty minutes after the in- 
jection of the egg antigen, positive skin re- 
actions were observed to have occurred in 
the area where the schistosome immune 
serum was injected. There was no reaction 
at the two control sites. 

On the other hand, when similar tests 
were made upon individuals infected with S. 
mansoni who elicited negative reactions to 
egg antigen, there was no observable re- 
action between the passively transferred 
antibody and the injected antigen. 

The anti-egg antibody, therefore, can be 
passively transferred into non-infected indi- 
viduals. It appears to be neutralized by 
some factor in certain infected individuals. 
This factor may possibly be specific antigen. 
50. The Role of the Proctologist in the Diag- 

nosis of Schistosomiasis Mansoni by 
Sigmoidoscopy and Rectal Biopsy. BEn- 
gsaMIN W. Warner, Lincoln Hospital, 
New York, N. Y. 

The large shift of population from Puerto 
Rico to this country has focused attention 
on schistosomiasis mansoni. In addition to 
ano-rectal colonic manifestations, the com- 
plication of liver cirrhosis in young adults 
with all the sequelae of portal hypertensionl 
namely, massive exsanguinating esophagea, 
hemorrhages, and splenomegaly, 
presents diagnostic and therapeutic prob- 
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lems that were formerly concerned with 
alcoholic cirrhosis of the liver in the fifth 
and sixth decades of life. 

The procto-sigmoidoscopic examination 
reveals an interesting picture. The mucous 
membrane of the rectum and sigmoid is 
usually pale and is studded to a varying 
degree with to pin-head size 
erosions hemorrhages and _ miliary 
slightly raised granulomata. In massive in- 
fection the erosions and hemorrhages are 
more numerous, confluent 


pin-point 
and 


may be and 


present a speckled appearance. In demon- 
strating the sigmoidoscopic picture in a pa- 


tient of this type one of the observers re- 
marked, ‘‘It looks like measles of the mucous 
membrane.’’ With portal hypertension and 
ascites the mucous membrane is very edema- 
tous. The erosions and hemorrhages repre- 
sent points of rupture in the mucosa where 
the eggs are extruded from the underlying 
venules and escape into the lumen of the 
bowel. Productive and fibrotic changes 
occur in the mucosal and sub-mucosal 
tissues and this is noted by actual pucker- 
ing, retraction, and pitting of the mucosa 
about the erosions. One frequently notes 
areas of granulation of varying size and in 
varying stages of polypoid formation from 
fresh irregular formations to smooth polyps. 

These granulations and polyps represent 

productive inflammatory changes about the 

eggs. The most consistent finding, however, 
is that of punctate erosions and small 
mucosal hemorrhages. 

Following the sigmoidoscopic observa- 
tions, a rectal mucous membrane biopsy 
from the edge of a Houston valve is taken, 
selecting usually the most caudad valve 
with immediate microscopic examination of 
the unstained tissue. If eggs are present 
they are easily identified singly or in clusters 
with characteristic lateral spines and appear 
light tan to brown in color. This procedure 
has great value for hospital in-patients and 
in out-patient departments where proper 
personnel and facilities are available. 

51. The Effects of Population Density on 
Growth and Fecundity in Australorbis 
glabratus. Ext Cuerntin, Epwarp H. 
MIcHELSON, and Donato L. AvugGus- 
TINE, Harvard School of Public Health, 
Boston, Mass. 

Experiments were undertaken to deter- 
mine the effects of crowding on populations 
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of Australorbis Rican 
mean shell 
measurements were assembled in groups of 
different numerical size and placed in pre 
conditioned, aerated, 3-gallon aquaria in 


glabratus (Puerto 


strain). Snails of comparable 


which watercress was provided as snail 
At frequent intervals the snails in 
each group were measured, the egg-masses 
the 


food 


counted, and watercress 
plenished. 


It was 


supply re 


the least 

grew much more 
rapidly than did those in the most crowded 
aquaria. This may be illustrated by the 
results of one experiment in which groups of 
25, 50, and 150 snails with similar mean shell 
(2.3-2.5 mm) at the outset 
attained the following mean measurements 
after 45 days: 25 snails, 12.9 mm; 50 snails, 
11.3 and 150 snails, 8.3 mm. The 


that snails in 


populations 


found 
crowded 


measurements 


mm; 


fecundity of the snails was also sharply 


modified by crowding. Thus, during the 

course of the experiment described above, 

the mean number of eggs per snail for the 
population of 25 was 408.8, for the group of 

50 snails, 142.2, and for the group of 150, 

18.1. The mean number of eggs per mass also 

varied inversely with population density, 

ranging from 18.0 (25 snails) to 7.5 (150 

snails). 

Water samples from aquaria which had 
contained small and large snail populations 
were subjected to chemical and physical 
analyses, but no differences were found 
which are thought to account for the ob- 
served disparities in growth and reproduc- 
tion. Although direct evidence is lacking, 
the present data suggest that the crowding 
of snails probably results in an increased 
interference with the normal feeding, re- 
productive, and other habits of the indi- 
viduals, and consequently in stunted growth 
and reduced fecundity. 

* 52. Pilot Control of Aquatic Molluscan 
Intermediate Hosts of the Human 
Schistosomes with Various Mollusci- 
cides. WILLARD H. Wricut, CHARLES 
G. Dosrovotny, and Extmer G. 
Berry, National Institutes of Health, 
Bethesda, Md., The Pan American 
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Sanitary Bureau, and The Foreign 
Operations Administration. 

. Schistosomiasis in Egypt. Roperr E. 
Kuntz, Naval Medical School, 
NNMC, Bethesda, Md. 

. Intestinal Parasite Survey in the High 
Cordilleras of Peru. E. H. Payne, L. 
GonzALtes-MuaaBuru, and E. M. 
SCHLEICHER. 

No extensive study had been made of a 
complete unit of the population of the high 
Cordilleras at the time this study had begun. 
Statistics depended upon army records and 
other similar groups. The place for the study 
selected at the suggestion of the Depart- 
ment of Communicable Diseases of the 
Ministry of Health in Peru was Callejon de 
Huylas, a valley isolated by high moun 
tains with a population that has been quite 
static. The elevation of the valley floor 
begins at near 15,000 feet, and ends at ap- 
proximately 7,500 feet. Thirteen hundred 
people of all ages and representing all 
groups of the population were studied. In 
addition to the parasite studies, blood 
studies were also conducted to determine 
the influence of the parasitism on the blood 
picture. Parasite infection was found to be 
quite high, especially Fasciola hepatica 
among some groups of the population. For 
this reason, liver damage was searched for, 
yet little was found. 
54A. Djenkolism. H. A. Riemann, Uni- 

versity of California and University of 

Indonesia, Project in Medical Educa- 

tion, Djakarta, Indonesia. 

Djenkolism occurs in Java and Sumatra 
where djenkol beans (Pithecolobium lo 
batum, family Mimosaceae) are a popular 
food. The beans grow in pods on trees and 
resemble flattened horsechestnuts. When 
crushed they have a faint sulfurous odor. 
Eating the causes characteristic 
halitosis and malodorous urine, but no 
other overt disturbance in most people. At 
times, in some persons, shortly after in- 
gestion of the beans, violent illness occurs 
with dysuria, pain in the loin and bladder 
regions, severe colic and bloody urine. Oc- 
casionally there are transient anuria, hyper- 
tension and azotemia. The urine contains 


beans 





t Film. 
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blood and needle-like crystals in bundles 
and rosettes resembling those of tyrosine. 
The causative agent may 
acid, a sulfur-rich amino acid derived from 
the beans by Van Veen and later synthesized 
by du Vigneaud. Neither the beans nor the 
acid caused disturbance when fed to mon- 
keys, rabbits and guinea pigs, except for 


crystalluria and, at times, minor histo- 


OF TROPICAL 


be djenkolic 


MEDICINE AND HYGIENE 387 
pathologic changes in the kidneys, lungs, 
liver and intestine. However, no attempts 
had been made to sensitize the animals 
specifically. The immediate cause of hema- 
turia and anuria is unknown. 

The active principle may serve as a useful 
tool to study the mechanism of hematuria 
and anuria which is incompletely under- 
stood at present. 


7:00 P.M., November 4 


Dinner Session 


+ Presidential Address—‘‘The Functions of 
the Spleen in Immunity,’’ WiLuraM H. 


9:30 A.M 


55. Studies on Enzymatic Factor in Course 
of Immunization. EvGENE L. Nowtck1, 
University of Texas, Medical Branch, 
Galveston, Texas. 

This study deals with the enzymatic 
factor in urine in course of immunization of 
rabbits against the chick ovalbumin. The 
enzymatic factor for ovalbumin appeared in 
urine several hours after the first injections. 
It was detectable in urine for the time of 
immunization. Several days after this was 
discontinued, the factor disappeared. About 
twenty days later it was detectable again. 
The appearance of the factor in course of 
immunization corresponds to the known 
phases of tissue reaction after X-irradiation: 
the early, the principal and the late re 
actions. Analogous phases of appearance of 
the lytic factor were observed in course of 
immunization against leptospira as well as 
against microorganisms of the Salmonella 
and Shigella group. It has further 
observed that the phases of appearance of 
the enzymatic factor correspond to the 
phases of tissue reaction to immunization. 
The specificity of the factor for chick oval- 
bumin was also studied: it gives some cross 
reaction with other ovalbumin (as duck), 
but not with chick or other ovoglobulins. 
Compared with previous studies, the follow 
ing scale was observed: enzymatic factor 
against ovalbumin antigen is the most 


been 


t Paper to be published in full in the 
JOURNAL 


bt 


TALIAFERRO, University of Chicago, 
Chicago, Lllinois. 


November 5 


specific, against leptospira antigen is less 
specific, and against Salmonella, Shigella, 
and Coccus the least specific. No direct rela- 
tion to the antibodies was observed, neither 
in time of appearance, nor in specificity. 
56. Experimental Studies of Concurrent In- 

fection of Canaries and of the Mosquito 
Culex tarsalis COQ. with Plasmodium 
relictum and Western Encephalitis 
Virus. Herspert C. Barnett, Graduate 
School of Public Health, University of 
Pittsburgh, Pittsburgh, Pa. 

Results are presented of a study designed 
to test the hypothesis that avian plasmodia 
acquire and retain the virus of western 
equine encephalitis in infected birds. The 
virus concentration of plasmodia-infected 
blood cells from canaries concurrently in- 
fected with both agents and of blood cells 
from canaries infected with the virus only 
was determined. The duration of viremia in 
birds suffering concurrent infection with 
both agents and in canaries infected with 
virus only was also determined. These and 
other studies failed to support the stated 
hypothesis. Quite the contrary, it was found 
that concurrent infection of canaries with 
avian malaria and with encephalitis virus 
resulted in a significant suppression of 
virus titer in such birds. This suppression of 
virus titer could not be correlated with the 
degree of parasitemia, and did not occur in 
birds with latent malaria infections. 

Concurrent infection of the mosquito 
Culex tarsalis with the two agents did not 





388 FOURTH 
detectably alter the ability of this mosquito 
to transmit virus. Mosquitoes with such 
concurrent infections transmitted virus in 
42 per cent of all attempts, whereas mos- 
quitoes infected solely with virus had a 
transmission rate of 45 per cent. However, 
results of viremia studies on canaries indi- 
cate that concurrent infection of such birds 
with the two agents suppresses the level of 
viremia,—in some instances below the virus 
level necessary to render mosquitoes in- 
fective. 

57. The Primary and Secondary Transmis- 
sion of Eastern Equine Encephalitis 
Among Penned Pheasants. E. L. Juna- 
HERR, R. C. Wats, R. E. LuGiInsuuwt, 
S. F. Sarrrano, C. F. Hetmsovpt, L. E. 
Wituramson, and A. L. Lamson, Uni- 
versity of Connecticut, Storrs, Conn., 
The Connecticut Agricultural Experi- 
mental Station, New Haven, Conn., and 
the State Board of Fisheries and Game, 
Hartford, Conn. 

The results of studies carried out during 
the last three summers in Connecticut indi- 
cated that the rapid transmission of the 
virus of eastern equine encephalitis among 
penned pheasants was caused by artificial 
breeding conditions. Our epizootiological 
investigations supported the hypothesis of 
primary arthropod transmission, which ac- 
counted for introduction of virus into the 
pens causing the initial cases. However, the 
subsequent explosive outbreak resulting in 
spectacular morbidity and mortality was 
correlated with feather-picking among the 
pheasants. To investigate this correlation, 
controlled experiments were initiated, and 
the following information was obtained. 
First, a residual source of contamination for 
contact transmission via feather-picking 
was established by the isolation of the virus 
from the blood quills of covey feathers of 
experimentally infected birds for as long as 
144 hours after inoculation. Then, secondary 
transmission due to feather-picking was 
demonstrated in controlled outbreaks. In 
these experiments debeaking to prevent 
feather-picking provided protection and 
stopped the spread within the infected 
flocks. These studies further indicated that 
the factors necessary for feather-picking 
were the growth of new feathers and the 
nutritional status of the host bird. 
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58. The Flotation Method for Recovery of 
Virus. Samure. H. Hopper and Newton 
KHOOBYARIAN, Indiana University 
School of Medicine, Indianapolis, Ind. 

The flotation method previously used for 
water purification and the removal of cysts 
of E. histolytica was applied to a virus sus- 
pension. Allantoic fluid infected with In- 
fluenza A (strain PR-8) was mixed with 
sterile distilled water in an apparatus de- 
signed to exclude contamination from the 
air of the room. Aeration of this mixture 
appeared to have no effect on the virus. 
Addition of 10 parts per million of a quater- 
nary ammonium compound, cetyl pyri 
dinium chloride, followed by aeration pro- 
duced a copious foam in which the virus was 
concentrated. 

The foam was blown off the mixture with 
increased air pressure, and the addition of a 
minute quantity of a silicone to the foam 
dispersed it completely. The silicone seemed 
to have no adverse effect on the virus. The 
original mixture was then given a second 
application of the quaternary ammonium 
compound and the process was repeated. 
More virus was recovered in the foam. As 
judged by conventional methods, the virus 
showed no evidence of denaturation or loss 
of activity. The apparatus is simple and 
inexpensive. 

Proposed that flotation may be applied 
to viruses in general as a method of concen- 
tration. 

59. Isolation of Salmonella from Ticks in 
Egypt. Tuomas M. Fioyp and Harry 
HooastraaL, U. S. Naval Medical Re- 
search Unit No. 3, Cairo, Egypt. 

While the role of ticks as vectors of 
rickettsial, spirochetal, viral and protozoal 
diseases of animals has long been recognized, 
relatively little attention has been directed 
toward their possible involvement in the 
transmission of Salmonella infections. 
Salmonella has been found in practically 
every species of mammals, fowls and reptiles 
that have been investigated but the mecha- 
nisms of spread of the organisms remain un- 
certain. Many of these vertebrates are 
commonly parasitized by ticks and experi- 
mental transmission of Salmonella by ticks 
has been demonstrated. Although only 
three reports of the recovery of Salmonella 
from ticks have been found, this means of 
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transmission would appear to be a distinct 
possibility in nature. The present report is 
concerned with the isolation upon several 
occasions of Salmonella from ticks in 
Egypt, a preliminary phase of an attempt to 
correlate the presence of the organisms in 
these arachnids with salmonellosis in their 
mammalian or fowl hosts. 

During 1953 and 1954 approximately 2000 
ticks of six genera and seventeen species 
were collected in and around Cairo from 
burrows and resting places of wild rodents 
and fowl. Pools of 10-15 ticks of the same 
species from the same collection sites were 
sterilized externally, triturated and cul- 
tured. Ten of 188 such pools yielded Sal- 
monella. Argas persicus, collected on two 
separate different heron 
rookeries, Salmonella  typhi- 
erraticus, obtained 
from hedgehog burrows at two different 
times, yielded Salmonella thompson. Con- 
current infections in herons, 
hedgehogs and their ticks have not been in- 
vestigated but the indications above are 
felt to be promising enough to warrant 
further study. 

The opinions or 


occasions from 
contained 


murium. Ornithodoros 


Salmonella 


contained 
herein are the private ones of the authors 
and are not to be construed as official or re- 
flecting the views of the Navy Department 
or the naval service at large. 

and Tuberculin Sensi- 
tivities in Jogjakarta. Study of Tests on 
500 Subjects. H. Y. Li and Harotp A. 
Tucker, Pasteur Institute, Rangoon, 
Burma, and The 
Kalamazoo, Mich. 
Five hundred residents of Togjakarta, 


assertions 


60. Histoplasmin 


Upjohn Company, 


Indonesia, were tested intradermally with 
Lilly histoplasmin (Lot CT-189), in a dilu- 
tion of 1:1,000. Only reacted with 
induration five or more millimeters in di 
ameter. Although 85.0 per cent of the sub- 
jects tested were less than 20 years of age, 
thus making the total years-of-risk com 
paratively small, the prevalence ratio of 
only 0.8 was unexpectedly because 
Histoplasma capsulatum has recently been 
isolated from a human infection in Jog- 
jakarta. No satisfactory explanation for this 
finding is forthcoming and it is hoped these 


four 


low 


data will stimulate other workers to carry 
out further investigations in Indonesia with 
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histoplasmin. There were 177 reactors to 

0.0001 mg. PPD in the group studied (35.4 

per cent), which is consonant with the 

known prevalence of tuberculosis in this 
area. 

61. Effects of the Antibiotics PA 105, Erythro- 
mycin and Carbomycin Against Lep- 
tospira icterohaemorrhagiae in vitro and 
in Experimentally Infected Hamsters. 
Auice R. Coox and Paut E. Toompson, 
Parke, Davis and Co., Detroit, Mich. 

The need for effective drugs in the treat- 
ment of leptospirosis encourages the search 
for new candidates (cf. Hall et al., Ann. Int. 
Med. 35: 981, 1951). This study deals with 
three related but distinct antibiotics. 
Erythromycin and carbomycin are already 
in use in the treatment of certain bacterial 
diseases of man. PA 105 has been described 
by Sobin et al. (Antibiotics Annual, 1954- 
1955, p. 827). 

Each of these substances suppresses the 
growth of leptospirae (strain JEA) in 
Korthof’s medium. EDs5o concentrations (in 
y/ml) were of the following order: PA 105, 
0.013; erythromycin, 0.003; carbomycin, 
0.011. 

Therapeutic tests were conducted in 
weanling golden hamsters infected with 
approximately 20 times the lethal dose of 
leptospirae (strain 898) from cultures. Un- 
treated animals died in about 7 days. 
Therapeutic effects were determined from: 
(1) the proportion of animals protected 
through 30 days against death from acute 
leptospirosis, (2) the proportion which failed 
to harbor demonstrable residual infections. 
Search for residual infections in the kidneys 
included dark-field examination, cultivation 
of kidney tissue, and inspection for gross 
lesions. 

On a weight basis, PA 105 and erythro- 
mycin were superior orally to carbomycin 
and protected most of the animals against 
death when treatment was started as late 
90 hours after infection and dosages were 
varied over a 16-fold range. PA 105 pro- 
tected most of the animals when treatment 
was delayed an additional 24 hours. Larger 
doses of the drugs were required to prevent 
demonstrable residual infections than to 
protect hamsters against death; however, 
demonstrable residual infections were pre- 
vented by giving non-toxic doses. 
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SCIENTIFIC EXHIBITS 


The following exhibits were displayed in the Louis XIV Ballroom Salon of 


the Somerset Hotel. 

‘Demonstration of MIF (Merthiolate, Jodine, Formalin) Stain-Preservation Technic 
for the Identification of Intestinal Protozoa.” J. J. Sappro, D. K. LAWugss, and R. E. 

Kuntz, Preventive Medicine Division, Bureau of Medicine and Surgery, Washington, 
D. C., and Naval Medical School, NNMC, Bethesda, Md. 

‘*The Teaching of Diagnosis of Malaria (Species and of Broods).’’ A. J. WALKER and C. L 
FLANAGAN, Tulane University School of Medicine, New Orleans, La. and Army Medical 
Research Project, Joliet, Ill. 

‘‘Experimental Amebiasis.”’ J. E. Lyncu, Pfizer Therapeutic Institute, Maywood, N. J 
of Chas. Pfizer and Co., Inc., Brooklyn, N. Y. 

‘‘A Field Laboratory for Study of the Natural Behavior of Adult Mosquitoes in Time Along 
Both Vertical and Horizontal Gradients with Respect to Precisely Determined Micro 
environmental Conditions.’’ R. B. PLarr, Emory University, Emory University, Ga., 
and the Communicable Disease Center, Atlanta, Ga. 

‘The Examination of Urinary Sediment for Diseases of Genito-urinary Tract Associated 
with Schistosomiasis.’’ R. M. Dimmerte, H. F. Sproat, and R. W. Trimmer, U. S. 
Naval Medical Research Unit No-3, Cairo, Egypt and the Naval Medical School 
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Tifa was first in the field of fog applicators. 
Tests have proved it best in the field for 
space control around the community . . . on 
the dump, over pools, in suburbs, every- 
where insects swarm! 


This amazing machine discharges newly- 
EFFICIENCY 


FIRST ... and best! 


TODD INSECTICIDAL 
FOG APPLICATOR 


Successfully Used for over 11 Years in Community Fly and Mosquito Programs 


Uses insecticides in solutions, emulsions or suspensions. 





(Tira 





developed insecticides as well as the older 
types in a true, clean fog which spreads 
quickly and permeates the deepest crevices. 
This ability means a better insect control 
program for your community. Put Tifa to 
work for you! 


Produces penetrating fog, dry or wet as you wish. 
Droplet Control ranges from 44 to 200 Microns. 
Carrying Underwriters’ Listing Seal 


4 
! 
FEATURES | 
! 


Write for itiustrated Folder with Full Detalis and Oficial Commeats. 


PRODUCTS DIVISION 





TODD SHIPYARDS CORPORATION 22%... sayov, Houston 15, texas 


Headquarters: 
Columbia & Halleck Streets, Brooklyn 31, N.Y. 











You have Mastered 
Anatomy, Doctor. . . 


AND YOU CAN MASTER 





THE 


GOLF 


SECRET 


Second edition 


* 


By H. A. MURRAY, M.D. 


160 PAGES 
14 ILLUSTRATIONS 


$2.50 





An approach readily understood and ap- 
plied by physicians. Dr. Murray offers his 
colleagues the essence of good golf and puts 
an end to the confusion in the principles of 
the forward swing. His study of the experts 
shows what they really do, based on the 
body’s structure and mechanics. 

He has discovered the elemental golf 
swing ...one governed throughout by the left 
shoulder. 

The left shoulder method is basic, ex- 
tremely simple, and amazingly effective. It 
will enable you to concentrate on only one 
point. 


Your swing will be natural and powerful. 


“T honestly think he has hit the nail on the 
head.” 


-—Algy Easterbrook 


Order Today! 


The Williams & Wilkins Co. 
Mt. Royal & Guilford Aves., Baltimore 2, Md. 





BACTO-THROMBOPLASTIN 


is the most widely used agent 
for prothrombin determinations 


16 years’ use has demonstrated its 


1) accuracy and reliability 
2) high sensitivity and potency 
3) stability and dependability 
4) simplicity of preparation 


5) economy 


BACTO-THROMBOPLASTIN 
is a stabilized desiccated rabbit 
brain substance of high thrombo- 
plastin potency. It is used in all 
Each box of Bacto-Thromboplastin con- POSH ihe er ge =“ 
tains 6 ampules, sufficient for 210 Quick either whole or diluted plasms. 
determinations or 420 Link-Shapiro Bacto-Thromboplastin is stable in 
determinations. either dry form or frozen extract. 


Descriptive literature gladly sent upon request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 





